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MINERALS IN RELATION TO POSSIBLE DEVELOP- 
MENT IN THE FAR EAST.? 


H. FOSTER BAIN. 


THE importance of minerals to civilization, and the startling in- 
crease in the rate of their consumption that lies at the basis of 
our modern ease and comfort, if it is not indeed the very founda- 
tion of the most nearly realized economic democracy coupled with 
abundance that the world has yet seen, is familiar to all of you 
who form this selected group. Various members of this Society 
have by word of mouth and by written articles, insisted upon 
these facts and have done what seemed possible to teach our 
statesmen and writers the implications of these facts. This, as 
I conceive it, is an important public service. It is a field in which 
the members of the Society of Economic Geologists are peculiarly 
competent and in which they can do much to guide our, and other, 
peoples away from false hopes and misunderstandings toward 
prosperity and peace. 

The world has seen recently the failure of well meaning at- 
tempts to adjust national boundaries in ignorance or with disre- 
gard of the economic consequences that must flow from the un- 
equal distribution of the mineral resources of the world. It has 
fallen to the lot of business men, in this instance profounder 
statesmen than the writers of political treaties, to draw new agree- 
ments conforming to the facts as they now exist in the world, 
though transgressing the boundaries of nations as fixed by sen- 


1 Presidential Address delivered before the Society of Economic Geologists, Madi- 
son, Wisconsin, December 31, 1926. 
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timental regard for the dead hand of a past dominated by eco- 
nomic factors no longer of first importance. Coal and iron now 
rule the world and until they have done their work and been 
superseded, the accessibility of the one to the other is the major 
factor that must be considered in adjusting National boundaries. 
To an important but less extent the division and opportunity to 
develop the other mineral resources of the world now stands 
second. 

In the modern world, with its quick and abundant means of 
transportation and communications, the source of food supply is 
much less important than in preceding centuries. People tend 
more and more to mass themselves in limited districts, such as the 
strip of country from Boston to Washington in our own land 
which is one of the most densely populated areas in the world 
and one where local food supplies would be entirely inadequate. 
New York eats lettuce from California, flour from Minnesota, 
fresh vegetables from Chile, meat from Argentina and our own 
West, in fact, draws on nearly the whole world for food. This 
is possible because the annual tonnage per capita is small and the 
freight movement is inbound only. Manufacturing involves ex- 
ports as well as imports and the consumption of large amounts 
of fuel to furnish the necessary power. The very volume of 
traffic sets a limit to the distances from which raw materials can 
be drawn in quantity and this is particularly true of the heavy 
bulky minerals which in our own land constitute 52 per cent. of 
the freight handled by the railways. The minerals, and the prod- 
ucts made from them in the first stages of manufacture, form 
more than two thirds of the freight handled by this, the greatest 
system of railways in the world. Distance becomes of large im- 
port in assembling such raw materials and redistributing the prod- 
uct. Roughly, four tons of coal are used in making one ton of 
steel and approximately eight tons of freight in and out per ton 
of output must be handled at a steel works. So it happens that, 
even against considerable natural handicaps the Colorado Fuel 
and Iron Co. has done well, being protected by a freight barrier 
from the competition of larger and better situated works else- 
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where; at the same time its own field of advantage in distribution 
of its products is definitely circumscribed. So, too, on the Pa- 
cific Coast, a field is being found for a certain amount of iron and 
steel manufacture because of distance, even with the ready access 
by sea from American and foreign steel manufacturing centers. 
Again, despite great natural advantages, the Lehigh Valley can 
not and does not manufacture all the cement used in this country 
and the leading companies operating there own plants in other 
districts. With the heavy bulky minerals, of which the per 
capita consumption is so striking a feature of modern civilization, 
their unequal distribution around the world is the factor that 
needs most certainly to be taken in account in modern economic 
life, and political conditions not adjusted to economic funda- 
mentals are necessarily unsatisfactory and dangerous to peace. 

No one has done more to bring out these facts or has done it 
more effectively than the past president of this Society it has been 
my lot to follow—Dr. C. K. Leith. His words and his writings 
are familiar to you and it has seemed to me I could do no better 
service in the short time available this morning than to lay before 
you briefly and informally the major facts as to the mineral re- 
sources of the Trans-Pacific countries that must condition and 
limit the part the peoples of those countries will play in the future 
interaction of cultural and commercial forces across the Ocean. 

Through the three centuries that have transpired since our 
ancestors came to this country, the major cultural and commer- 
cial relations of our people have been with those of Trans-Atlantic 
countries. In the past half-century, however, and especially in 
the past few decades, there has been a growing conviction which 
has found expression in numerous addresses and writings, that 
in the future the Trans-Pacific countries and peoples will be 
vastly more important to us. It is even held that our relations 
to them may come to dominate our national life. That “the 
future belongs to the Pacific,” has come to be an accepted slogan; 
accepted possibly because none too carefully studied. 

Much has been made of the millions of people who face us 
across the western Ocean and fear has been expressed that by their 
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very numbers, especially when their low standard of living be 
taken into account, they will in time dominate not only their own 
quarter of the globe but both in peace and war, reversing the 
past, become overlords to all. Geologists, however, recognize 
that man is but one of the creations of Nature. The earth upon 
which he lives, the platform on which he works, is also important. 
It conditions to a striking degree what he does. A civilization 
builded in a desert is necessarily a different civilization from one 
builded in a well-watered area. A mountain folk differ from 
those who are seafaring, and in truth what a man has to do with, 
is often more important than what he wills to do. Both enter 
into the result, but without resources the ablest of men fail of 
major accomplishment. This is not a new thought to geologists 
and geographers, but it is one that is often unduly minimized by 
economists and writers of the affairs of men, mainly because, in 
general, mankind has as yet made such slight draft upon the 
bounty of nature that a limitation due to lack of material has 
rarely appeared imminent. 

It needs no argument with this audience that the modern 
civilization which surrounds us here in America is one based upon 
the free and abundant use of materials and that it differs from 
that of previous centuries here, and in degree, from civilizations 
elsewhere, in the liberality with which we use the minerals—the 
non-reproducible materials of the earth. Figures of per-capita 
consumption of the minerals show not only a higher rate here than 
elsewhere, but a growing one. In 1820, this country produced 
and used only 5 lb. of pig iron per capita; in 1920, the amount 
was 119 times as much, or 597 lb. In 1923, 809 Ib. was used and 
it is now at about the same figure. In 1923, our output was twice 
that of 1903, and nine times that of 1883. This increase in con- 
sumption, which is at a vastly greater rate than increase in popu- 
lation, has take place also as regards the other metals and minerals 
with scarcely an exception. Numerous tables and graphs have 
been compiled and published illustrating this growth in per capita 
consumption of the minerals and also bringing out the fact that 
it is most characteristic of the most highly industrialized districts 
and countries. The bulk of the world’s population today still 
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lives mainly as did our own ancestors—dependent on wood, 
leather, cloth, earthen ware and similar widely distributed mate- 
rials and using an extremely small amount even of iron, the most 
common metal. It is only here, and in limited districts abroad 
that the people generally have passed into the Mineral Age and 
enjoy a wide distribution of motor cars, railways, telephones, 
radios, and other concomitants of our so-called, and possibly mis- 
called, jazz civilization. 

The Far Eastern countries have as yet changed but little from 
the older and simpler style of industry and living. It is not that 
our modern inventions and ways are not known but that they have 
been adopted for use by only a small part of the population mainly 
because of their cost. The Japanese boy does not experiment 
with electric toy trains and radio as generally as does the Ameri- 
can, because such toys are too scarce and too expensive to permit 
such indulgence. To manufacture them in quantity requires metals 
and the development of mining and metallurgical industries far 
beyond the present scale of the East. The practical question is, 
“Do the Far Eastern countries contain the raw materials to per- 
mit such a development on any large scale? ”’ 

It may be pointed out in the first place that as yet the Far East 
is an importing rather than an exporting region as regards min- 
erals and products manufactured from them. It is true that tin, 
tungsten, antimony, and a moderate amount of copper come from 
the Orient. Aside from these, export of metals and minerals is 
unimportant as measured in world’s totals. Not only is it true 
that the exports are small but production, so far as it is known, 
is similarly unimportant. For the year 1924, the figures, based 
on percentages of the world’s totals, were as below, including the 
countries from Siberia to Burma. 


Per Cent. Per Cent. 
PRM oS ns Gogo ee 94 COnpet Gc ncast kes 5 
Poe | a re 80 SORTED) oso seuss oeierare 2 


REO CE Stal cose tines bien 36% 66 Coal 5 
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It is not that, with the exception of tungsten especially, the 
value of the minerals has not been recognized or that skill in pro- 
ducing them has been entirely lacking. The Far East was civil- 
ized before Europe and many centuries before America. Coal 
was burned in China while still unknown in England. Iron was 
made there and elsewhere in the East centuries ago. Copper, 
brass, and bronze are found dating back many hundreds of years, 
and nearly all of the metals were known and were used to some 
extent. 

The ancients in the Far East, as well as other parts of the 
world, had no mean skill in mining and followed veins to lengths 
and depths that often surprise and disappoint their successors. 
Substantially all the outcropping orebodies and coal beds have 
long been known and worked. If there are great undiscovered 
deposits in the Far East they remain to be found there as in 
America through application of geophysical methods; or they 
consist of minerals for which as yet none of us have found use in 
quantity or means of production. 

It is a common thought, and one founded upon much sound 
reason, that in the Far East mining was stopped in depth by in- 
ability of the older miners to handle increasing water with the 
appliances they had. ‘This is, however, not entirely true. By 
deep adits, as in Japan and North China, a considerable amount 
of deep drainage was accomplished and on the high plateau of 
Yunnan water seems never to have limited mining. Difficulties 
with ventilation sometimes stopped progress, for the old miners 
did not understand deep shaft sinking. But one who has crawled 
and squirmed through old Chinese workings to depths of 600 or 
Soo feet, can hardly escape conviction that mining ceased in-depth 
often for the same reason it has elsewhere; namely, impoverish- 
ment of the particular ore shoot followed from the surface and 
failure to find another by a limited amount of cross-cutting. In 
most cases the wonder is not that the miners stopped where they 
did but that they were able to penetrate so far and won so little 
from their efforts. 

There is a growing conviction, attested by the writings of many 
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geologists and engineers both native and foreign, that the Far 
East is poor rather than rich in minerals and that the peoples of 
the Orient will need for their own use such supplies as they have, 
other than of tin, tungsten and perhaps antimony. It seems even 
probable that the amount of mineral in the Far East is far too 
small ever to supply to its population the metals especially neces- 
sary to enable the inhabitants to realize a per capita consumption 
comparable to our own. If the Japanese, Chinese, Siamese, Fil- 
ipinos, and Malays are to have railways, ships, motor cars, tele- 
phones, airplanes—yes, and guns—in the same relative abundance 
as do Europeans and Americans, they will need to import them or 
the larger part of the material out of which they are made. This 
necessarily means that their own energies will continue to be 





absorbed—let us hope with greater return—to the production of 
foods, fibres, hides, oils, and other products of the animal and 
vegetable kingdoms—for their own use and to build up an ex- 
portable surplus to balance their purchases. Domestic produc- 
tion of minerals will assist them in realizing their natural am- 
bitions but it now seems fairly clear that the East forms no such 
treasure house of minerals as will permit its exploitation by for- 
eigners on any grand scale or the building up of native mining 
and metallurgical industries that will rival those of the West. 

In order to justify these statements I may be permitted to re- 
view briefly the situation in a few of the various countries. For 
the Far East as a whole, Leith stated the case accurately though 
in summary, in an article published in “ Foreign Affairs ’’ within 
the year.? 

The geology and mineral resources of the Philippine Islands 
has been summarized by Warren D. Smith,* within the last few 
years. Dr. Smith's long and close association with the Islands, 
his intimate knowledge of them, and his liking for the country 
and the peoples, give great weight to what he has written. His 
own summary of the probable future of the mineral industry of 
the Philippine Islands is as follows: * 

2“ The Mineral Resources of the Far East,” April, 1926 


3 Geol. and Min. Res., P. I., Manila, Bureau of Printing, 1924. 559 pages. 
4 Op. cit., p. 356. 
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In some literature the number and the value of Philippine mineral de- 
posits have been overstated. Although mineral deposits of one kind or 
another have been found in all parts of the Archipelago and though 
mineralization is widespread, I am compelled, after ten years’ intimate 
acquaintance with the country, to say that very few already discovered 
deposits are of sufficient extent and richness to attract capital to undertake 
large-scale operations. The comparative geologic youth of most of the 
formations, the lack of persistence due to faulting and pinching, and the 
prevalence of archipelagic instead of continental conditions have affected 
the location, size, continuity, and value of the various deposits. . . . In 
spite of the impression which the above statement may give, I am of the 
opinion that there are some excellent possibilities in the Philippine mineral 
field. The country has not yet been thoroughly prospected. 


It is true that, as Smith points out, the country has not been 
thoroughly prospected, and it is also true that in tropical coun- 
tries important mineral deposits may long escape notice, but one 
can hardly come away from a study of his report and of other 
comprehensive surveys made by private exploration syndicates, 
with any other feeling than that the mineral resources, while 
varied and widely distributed, are not of first rank as measured 
by world needs, save in the case of the lateritic iron ores. Here, 
indeed, are deposits of large size, perhaps destined to play a real 
part in development of the Far East when the world is ready to 
use such ores in quantity and if means can be found to bring 
them to fuel economically. Aside from the iron, it does not 
seem likely that the Philippines will have any large or continuing 
exportable surplus of mineral. Whatever may be the future of 
the Filipino peoples they are likely to need for their own use most 
of the mineral found in the islands and may well find even that 
supply scant for any major industrialization of the country and 
peoples. 

As regards Indo-China, Siam, and Malay States, having little 
or no coal except the first named, and being inhabited by peoples 
devoted to agriculture, it seems likely that such mineral as is pres- 
ent, will be mined and exported rather than afford the basis of a 
local industrial civilization. The resources of these countries 
are not so well known but, aside from the tin mines of Malay 








Stat 
revi 


pers 
eng’ 
den 
unc 

I 
Abt 
grat 
espe 
in ¢ 
and 
of 
Mu 
hov 
intc 
will 
will 
mit 


vig 
buil 
cop 
tha 
tho 
out 
the 
ste 
bot 
ful 
are 
der 
cor 
for 
des 


be 


Oo O&O OO me OO — ™ 


= 











MINERALS AND DEVELOPMENT OF FAR EAST. 221 


States and Siam, nothing of large importance has been found. A 
review of the scattered literature of the region, reinforced by 
personal reconnoissance and a study of reports by examining 
engineers, has forced the conviction that as yet no adequate evi- 
dence has been found for expecting unusual mineral wealth to be 
uncovered in these countries. 

In the Netherlands East Indies, the situation differs slightly. 
Abundant lateritic iron ore is present and some ore of other 
grades. Coal is found and has been partly developed. Mines, 
especially of gold are worked, and petroleum and tin are exported 
in quantity. A well organized and capable staff of geologists 
and engineers is maintained by the Dutch and a considerable area 
of heavily forested tropical country remains to be prospected. 
Much mineral may be present and great mines may be found. If, 
however, the potential needs of the enormous population be taken 
into account, it seems reasonable to believe that either the people 
will remain essentially non-mineral consuming or the discoveries 
will need to be larger and more numerous than present data per- 
mits us to regard as anything more than possible. 

In Japan, nearly all the important minerals are found and 
vigorous modern mining and metallurgical industries have been 
built up in the last half century. Japan coals ships and exports 
copper and various other metals and minerals. Until recently 
that country was second to the United States in copper production, 
though the tonnage forms now but four per cent. of the world’s 
output. With a population approximately equal to half that of 
the United States, Japan produces but about 1,500,000 tons of 
steel per year and to accomplish this finds it necessary to import 
both ore and coking coal. These facts, and a study of the care- 
ful reports made by the Imperial Geological Survey of Japan, 
are convincing that if there is to be in Japan any considerable 
democratization of consumption of the comforts and luxuries 
common to American life, the country will afford a large market 
for metals rather than the reverse. If Japan is to realize her 
destiny as a leader in modernizing the East, it will necessarily 
be as an importer of raw materials and exporter of finished 
products. 
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It remains to consider China, the largest and in many particu- 
lars least accurately known country in the East, since so much of 
Siberia is affiliated with Europe rather than the Pacific. To con- 
sider Siberia would lead too far astray but I may remark in pass- 
ing that in my judgment what is now known of the Maritime prov- 
inces affords no warrant for belief that in this or the next genera- 
tion at least, the course of world’s events will be upset by any out- 
flow of mineral products. The oilfields are probably of first rank. 
The Sakhalin coal fields are extensive and the coal of good grade. 
It is always possible that a new Nome or Klondike will be dis- 
covered, but as to the other minerals, present knowledge does not 
warrant rosy prediction. 

It is not entirely true that the mineral resources of China are 
unknown. It is merely true that a large amount of misleading 
and inaccurate information is in circulation. The main outlines 
of the geology have been made known by von Richtofen, Willis 
and Blackwelder and many foreign engineers and geologists, and 
by the staff of the Geological Survey of China, including espe- 
cially V. K. Ting, W. H. Wong, J. C. Andersson and F. R. Tegen- 
gren. The general situation as regards mineral resources has 
been summarized helpfully by C. Y. Wong, and many geologists 
and mining engineers have written about individual mines or 
regions. 

Before undertaking any summary of the mineral resources, it 
may be helpful to present a few general facts as to the position of 
China. Ifa map of the Republic including the great dependencies 
be superimposed upon one of North America drawn on the same 
scale, the result is as in Figure 1, Mercators projection hav- 
ing been used for convenience. The latitude has been faith- 
fully preserved but the longitudes altered to bring Peking in about 
the same position as Columbus, Ohio. On the basis of the com- 
perison here made, Shanghai would fall east of Jacksonville, 
Florida, and Hankow not far from Mobile. It will be noted that 
China covers a larger area than the United States, extending 
further to both north and south. The most significant difference 
is the fact that China has but the one sea coast and that its Far 
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West differs from ours in having no outlet save by long overland 
journey. The principal north-south railway in China, the Pe- 
king-Hankow, runs in a position corresponding in a way to one 
which might extend from Cleveland to Mobile. 
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Fic. 1. Relative size of China and the United States. 


The larger part of Chinese territory is comprised in the de- 
pendencies of which Manchuria, Mongolia, Turkistan and Tibet 
remain partly under Chinese control. Formerly, Korea and much 
of Indo-China also belonged to the then Empire. At various 
times in the past these several countries have been won and lost. 
The eighteen provinces which constitute China proper correspond 
roughly in extent and relations to the ocean to that part of the 
United States lying east of a north-south line through Omaha. 
There is, however, a most important difference in that, whereas 
the greater portion of the area in the United States indicated con- 
sists of fertile prairies and open river lands, the corresponding 


region in China is prevailingly mountainous. According to 
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Blackwelder,’ less than one tenth of the area is even moderately 
flat, while Willis makes the statement that the great plains of the 
Yangtze, Hoang Ho, and of Manchuria combined only equal some 
200,000 sq. miles as against 1,200,000 sq. miles of hilly to moun- 
tainous land in the remaining area under study. The part of 
China which is easily accessible and which is usually visited by 
tourists is a great fertile bottom-land similar to the Lower Mis- 
sissippi Valley but this is by no means representative of the larger 
part of China and many erroneous conceptions of the country and 
the people are widespread because of failure to comprehend or to 
remember the fact. 

Making further rough comparisons we may think of the greater 
plain of eastern China as extending west to some such position as 
Pittsburgh in the United States and being met there by the moun- 
tains which would reach out to the coast at about Boston and 
separate the plain of China from the prairies of Mongolia and 
Siberia. In the south, in place of Florida and the northern half 
of the Gulf of Mexico would be another mountain area in which 
the altitudes were less but the local relief equally pronounced. 
This southern mountainous country would curve around to the 
west to meet the one indicated as reaching down from the north. 
Cut in the big plain so indicated there are isolated fringing hills 
on the west and south while in the province of Shantung a group 
of important mountains rises above the plain in position that 
would correspond roughly with Eastern Virginia. Sze-chuan, a 
great basin in the heart of the mountains would occupy a position 
corresponding somewhat to that of Arkansas and eastern Okla- 
homa. 

The climate of China by no means corresponds part for part 
with the areas of the United States indicated above. In the 
Northwest, it is dry and the winters are severe as in Montana and 
Wyoming. In the Southeast, it is humid and semi-tropical, ap- 
proaching the conditions in the Philippines. These are the ex- 
tremes. 


5“ The Geologic History of China and Its Influence Upon the Chinese People,” 
Pop. Sci. Monthly, Feb., 1913. 
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sly Blackwelder wrote most informingly of the physiography and 
he climate of the ¢ountry and Willis in 1908 reviewed the mineral 
me resources ° in a brief summary that has stood the test of time most 
in- effectively. The iron ore resources have recently been described 
of in detail and with excellent judgment by F. R. Tegengren‘ a 
by former member of the Geological Survey of Sweden working on 
is- the staff of the Geological Survey of China and in association 
rer with Dr. J. G. Andersson. The coalfields have not been as com- 
nd pletely studied but N. F. Drake contributed a summary to “ The 
to Coal Resources of the World” published by the International 
Geological Congress and there are numerous supplementary 
ter papers extending to the recent re-estimate of the Shansi coalfield 
as by Fuller and Clapp appearing within a month. No comprehen- 
in- sive study of the non-ferrous mineral resources of the country 
nd has been made, but in the general description of the “ Mineral 
nd Production and Resources of China” by Thomas T. Read® will 
alf be found notes on most of the minerals and references to the chief 
ich sources of information then available. Since then, the paper by 
ed. C. Y. Wang,’® another by V. K. Ting ** and another by Ting and 
the W. H. Wong * supply the most important data made public. 
th. It will not be possible here, and in the time available, to give 
ills any general resumé of this large body of knowledge. This has 
yup been done in another place.** It will be sufficient to say that as 
hat regards the common non-ferrous minerals, copper, lead, zinc, 
, a there is no adequate evidence that these will be found in amounts 
ion of more than local importance. Tin, tungsten, and antimony 
‘la- will continue for a considerable period to furnish an exportable 


6 Econ. GEOoL., vol, 3, pp. 1-36; 118-133, 1908. 


art 7 “Tron Ores and Iron Industry of China,” Mem. Geol. Surv. China, Series A, 
the No. 2. ive volumes and atlas. 1921-22. 

8 Econ. Geov., Dec., 1926, Jan., 1927. 
ind 


9 Trans. A. I. M. E., vol. 43., pp. 3-53. 1913. 
ap- 10‘* The Mineral Resources of China,” Tientsin. 
ex- 11 Mining Magazine, October, 1917. 

12“ General Statement on the Mining Industry of China.’ Geol Surv. China, 
Spec. Rept., June, 1921. 
sle,” 13“ Ores and Industry in the Far East,” a report made to the Council of Foreign 
Relations. In press. 
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surplus important from the world’s point of view though the 
total market value of such exports will hardly avail to balance 
any heavy stream of imports. 

As to coal, the evidence, while slightly confusing, is conclusive 
to the effect that China holds the largest and most important re- 
serves in the Far East and one of the great sources of supply 
known in the world. N. F. Drake estimated ** the total tonnage, 
with due reserve at 996,795 million tons placing that country 
second in rank and slightly ahead of Canada with 819,465. V. 
K. Ting considered this estimate to be of the right order of im- 
portance though the actual amount mined might well prove to be 
many times larger. Kx. Inouyé, at that time Director of the Im- 
perial Geological Survey of Japan, also furnished the Congress 
with an estimate which, while incomplete, covered a number of 
the provinces. His figures differed markedly from those of 
Drake in particular cases. 

In the years between there have been repeated disappointments 
in the tonnage developed in particular fields as they came to be 
drilled and this has led to a growing pessimism reflected in the 
estimates of reserves furnished “ The China Year Book ” in recent 
years by W. H. Wong, the associate and successor of Ting as 
director of the Geological Survey of China. In the latest edition 
available, that for the year 1925, Wong estimates the probable 
reserve at 23,000 million tons and states that extensions in depth 


and mining thinner beds may bring the total up to the order of 


40,000 to perhaps 50,000 million tons. He has not furnished the 
data upon which these estimates rest and its publication will be 
awaited with much interest. 

Meanwhile, Fuller and Clapp have presented estimates cover- 
ing Shansi, Shensi and neighboring parts of Kansu and Mongolia. 
Their experience in such studies and the large number of traverses, 
they and their staff made, attaches especial importance to their 
estimates even though their field studies were primarily directed 
toward determination of structure for oil drilling. The Shansi- 


14 ‘Coal Resources of the World,” Int. Geol. Cong., Vol. I, p. 165. Toronto, 
1913. 
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Shensi coalfields are, almost certainly, the largest and most im- 
portant in the Far East and with one exception, Fuller and Clapp 
allow higher tonnages even than those in Drake’s tabulation. In 
the table below a comparison is made of the various estimates 
made covering these particular coalfields, though they are not on 
exactly the same basis. The estimates have all been reduced to 
units of one million metric tons and are for the presumably re- 
coverable coal. 














Drake | Inouyé | Wong Fuller and 
Clapp 
Shansi 714,340 1,200 5,830 190,909 
Shensi 1,050 1,000 132,727 
Kansu. . 5,129 160 13,636 
Mongolia...... : : 1,200 460* 71,000 
| 





* Chahar and Suiyan only. 


In view of the conflict of evidence, and until Wong’s figures 
be presented in detail, it seems unsafe to say more than that China 
does contain a large amount of excellent coal. For present pur- 
poses Drake’s total may, perhaps, be taken as the best available 
and as being probably of the right order of importance. 

On the other hand, the situation as regarding iron ore is less 
satisfactory. Tegengren’s studies were extensive and careful and 
his report may be received as representing the best that a compe- 
tent staff ably directed could accomplish by reconnoissance work 
supplemented by preliminary sampling of the more important 
deposits. It is undoubtedly of a high order of accuracy. 

Allowing even the inclusion of many million tons of material 
not rated as ore in the United States, the iron resources of the 
country have been put at 950,000,000 tons, about equal to one 
fifth the reserve of commercial ores in this country. Of this 
total, however, a large part is clearly not now commercial and 
may never become so. Tegengren placed the actual tonnage at 
396,000,000 and Leith, restudying the figures, reduces the im- 
mediately available tonnage to 100,000,000. By what factor one 
may scale down the gross estimate, it is in any event clear that 
16 
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the iron ore reserve of the country is not sufficient to supply 
even its own people upon a modern scale of consumption through 
any long period. 

The situation as regards possible petroleum fields in China has 
been kindly reviewed for me by W. B. Heroy and I may quote 
from his summary as follows: * 

In summary, therefore, it may be said that only two areas in China 
proper seem to have possibilities of commercial petroleum production, and 
in neither of these can we feel at all certain of the development of a field 
of the first magnitude. Nowhere in China do conditions exist which are 
comparable from a geologic standpoint with those existing in the Mid- 
Continent or Pacific oil fields of the United States. Making every allow- 
ance for deficiencies in present knowledge of the economic geology of 
China, its oil reserves are still probably less than one per cent. of those 
of the United States. 


Recalling this major importance of coal and iron to modern 
civilization the following table of comparison of China and Japan 
with the United States and Italy may be of interest. In this table 
the figures of coal reserves are those of the International Geologi- 
cal Congress, including Drake’s estimate for China, and of iron ore 
are from the same source save in the case of China where Tegen- 
gren’s gross figure is used. 











Reserve in tons per 
Area Populatior | Population Capita 
Sq. Mi. Millions Density 
Coal Iron Ore 
China.... Perse et ..-| 4,278,352 427,679 100 2,330 2 
United States..........] 3,743,529 112,000 30 34,274 670 
Japan... vibes eee 149,793 55,963 373 150 1.5 
SE aR aaciry Shae eo 119,733 38.901 324 5 0.2 




















From all these various lines of study then we come finally to 
the general conclusion that if the habits and customs of the peoples 
of the Far East are to change and they are to rival those of us 
who live in the West in consumption of the metals and things 


15 Private communication for use in “ Ores and Industry in the Far East,” a re- 
port to the Council on Foreign Relations; in press. 
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made of metals—which form the very skeleton on which our type 
of civilization is built—the balance of trade in minerals and metals 
is to be against the Far East. The peoples of those countries 
must develop their resources in other lines and their skill in food 
production, manufacturing, and trade; in the first and last of 
which they already have remarkable capacity. The example, 
however, of Italy, a country poor in fuel and other mineral re- 
sources but rich in the capacity of her people, points the way to 
a large measure of industrialization and a downward spread of 
the comforts and conveniences of modern civilization, provided 
the paths of trade be kept open. In these days of large consump- 
tion of steel both in war and peace, any country that does not 
possess an adequate reserve of coal and iron ore is necessarily 
under bonds to keep the peace. 


29 WEsT 39TH ST. 
New York City. 








FRACTIONATION AND DECOMPOSITION OF PETRO- 
LEUM DURING CAPILLARY MIGRATION. 


CHARLES W. COOK. 


In two previous papers * the writer has reported on the progress 
of experiments on the capillary relationships of petroleum and 
water. In the last paper, published in 1925, the fractionation of 
petroleum during capillary migration was suggested as a possible 
explanation of the phenomena that had been observed in an ex- 
perimental tube in which the interchange of petroleum and water 
had been going on for a period of nearly four years. 

The observations and conclusions there stated may be thus 
briefly summarized. As shown in Fig. 1, which is here repro- 
duced from the previous article, two globules of oil had been 
formed in the apparatus, one of which was smaller than the other 
and also was pear-shaped, rather than spheroidal, in form, the 





c 






Lfoter 





Fic. 1. Capillary apparatus showing the results as previously reported. 


“tail” effect being due to the separation of the oil column within 
the capillary tube. Inasmuch as shaking had failed to cause the 
globules to unite or to destroy the peculiar shape of the one, it 
was suggested that an increase in viscosity had occurred as a re- 
sult of fractionation during capillary migration. 

At that time, it was stated that apparently another drop was 
about to be liberated as indicated by the thinning of the capillary 
column at the point b. The separation of the drop did not occur, 


1“ Study of Capillary Relationships of Oil and Water,” Econ. Gerot., vol. 18, 
pp. 167-172, 1923. ‘‘ Fractionation of Petroleum during Capillary Migration,” 
Econ. GEot., vol. 20, pp. 639-641, 1925. 
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however, until over a year had elapsed. In the meantime, the 
drop had grown until it was several times the size of drop d. 
Since separation it has behaved exactly like drop d. That is, it 
is pear-shaped, has retained its attenuated “ tail’? and has not 
united with either of the other globules. 

It is the writer’s belief that the great increase in size of this 
drop over the ones previously liberated affords additional evidence 
that fractionation has occurred. Two possible explanations of 
the formation of the larger drop occur to the writer. Either the 
viscosity of the oil had increased and also its adhesiveness, so 
that greater buoyancy was necessary to cause the separation of 
the drop; or the specific gravity had been increased so that a 
larger drop was necessary before the buoyancy of the water could 
overcome the adhesiveness of the petroleum and cause the separa- 
tion of the drop. Either or both of these changes might be ex- 
pected if fractionation of the petroleum had occurred. 

In two other tubes, which have also been under observation for 
a period of more than five years, an entirely different group of 
phenomena has been observed. The conditions of the experiment 
in these tubes have differed from those obtaining in the case of 
the tube just referred to in only one way; namely, that very fine 
silt was used in the oil end of the apparatus instead of coarse 
sand. Yet the phenomena to be observed are entirely different. 

The droplets of oil as liberated have always united with the 
large globule in the water compartment of the apparatus. The 
viscosity of the globule of petroleum seems to be much less than 
that of the globules in the other tube. In addition to these dif- 
ferences in the behavior and appearance of the petroleum globule, 
these tubes show the presence of a large bubble of gas, and a white 
solid substance, which may be paraffin, has been deposited in the 
water compartment of the tube. 

As there is no other apparent way in which the gas could have 
been introduced into the tube, it is believed that the fine silt has 
exerted some catalytic action which has caused decomposition to 
occur within the petroleum. 

Another way in which the action in these tubes has differed 
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from that in the tube previously discussed is that the capillary 
column has been broken intermittently by gas bubbles. 

In the first paper, which treated only of the capillary relation- 
ships observed, the writer made the following statement : * 


Whenever a gas bubble (probably air) developed in a tube in which the 
actual movement had previously been observed, no further movement 
could be detected. It would seem, therefore, that the development of gas 
bubbles might, as Washburne has pointed out, be quite effective in halt- 
ing the migration of petroleum under the influence of molecular 
attraction. 


In the light of the observations made over a period of years, 
I believe this statement must be modified. I am now inclined to 
believe that the bubbles are gaseous hydrocarbons and not air as 
then thought. Further, the effect of the bubbles is to retard but 
not to stop, except temporarily, the capillary migration of the oil 
My former erroneous conclusion in regard to this barrier action 
of the gas bubble was based upon observations made upon tubes 
of the original design * in which the water supply was limited and 
it now seems probable that it was the failure of the water supply, 
rather than the gas bubbles, which stopped the movement. 

The conclusions which may be tentatively drawn from these 
experiments are: 

1. That alteration of petroleum may occur during capillary 
migration, either by fractionation or decomposition. 

2. That these actions may occur at relatively low temperatures 
and pressures. 

GEOLOGICAL DEPARTMENT, 


UNIVERSITY OF MICHIGAN, 
ANN Arpor, MICH. 


2 Econ. Geot., vol. 18, p. 171. 
3 See Econ. GEot., vol. 18, p. 168. 





ion- 


1 the 
ment 
' gas 
halt- 
cular 


ars, 
d to 
r as 
but 
oil 
tion 
ubes 
and 


»ply, 
hese 


lary 


ures 











SOME RELATIONS BETWEEN OXYGEN MINERALS 
AND SULPHUR MINERALS IN ORE DEPOSITS.’ 


B. S. BUTLER. 


INTRODUCTION. 


Tuts paper has been prepared with the purpose of bringing out 
some of the chemical problems involved in the formation of 
primary (hypogene) ores and with the hope that some chemist 
may be led to an analysis of the problem from the chemical view- 
point, and also to the carrying out of experiments that will give 
more definite knowledge of the reactions that occur at moderately 
high temperatures. It is at the same time the purpose of the 
paper to point out certain relations between minerals of the more 
common metals which occur in ore deposits in combination both 
with oxygen and with sulphur. The discussion refers mainly to 
the relation of hypogene minerals in ore deposits that are closely 
associated with igneous rocks, but where somewhat similar re- 
lations are to be noted among supergene minerals, these are also 
considered and the two compared. 

Some metals as iron and manganese occur commonly as oxygen 
minerals in more than one state of oxidation as well as in com- 
bination with sulphur, arsenic, or antimony. Thus iron occurs 
as ferric iron in hematite, magnetite, garnet, and other minerals; 
as ferrous iron in siderite, chlorite and other silicates; and com- 
bined with sulphur, as pyrite and pyrrhotite and with arsenic in 
arsenopyrite. Other metals, as tin and tungsten, occur as oxygen 
minerals in but one state of oxidation and also in combination 
with sulphur ; tin in the oxide cassiterite and the sulphide stannite ; 
and tungsten in scheelite, wolframite and tungstenite. 


ORDER OF FORMATION 
Considerable attention has been given by both geologists and 
chemists to determining the temperature of formation of different 


1 Published by permission of the Director of the U. S. Geological Survey. 
Presented before’ Society of Economic Geologists, Madison Meeting, Dec. 1926. 
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minerals, but as yet more is known of the relative temperature of 
formation of ore minerals than of the absolute temperature of 
formation. Our present state of knowledge on this subject is 
summarized in Fig. 1, which is intended to show roughly the 
range over which the different combinations form. In giving the 
different temperature divisions as high, intermediate, and low, no 
absolute temperature range is indicated. Different lines of evi- 
dence suggest that the temperature of formation of the high tem- 
perature group probably did not greatly exceed 500° C. to 600 
C. and hot springs are of course 100° C. or less. 

Iron.—The characteristic occurrence of iron in the high tem- 
perature range both in igneous rocks and in ore deposits is in 
combination with oxygen either as oxides or as silicates. Ferric 
minerals are very largely confined to the high temperature zone. 
In the low or moderately low temperature zones one ferric min- 
eral may, under certain conditions, form by alteration of another 
ferric mineral; for example, epidote from hematite. Ferrous 
minerals are formed at high temperatures and ferrous silicates 
and carbonates continue to form through the intermediate zone 
and in decreasing amount probably to the low temperature zone. 
Iron sulphides possibly form sparingly toward the lower limit of 
the high temperature zone. It is frequently stated in the litera- 
ture that sulphides are contemporaneous with silicates in contact 
metamorphic deposits but most detailed descriptions of these and 
similar deposits indicate that the sulphides have formed slightly 
later than silicates and oxides. Rarely, however, iron sulphide is 
cut by veinlets of magnetite, and sulphide grains are seen to be 
partly altered to magnetite. Such relations suggest a reversal of 
the normal order of deposition possibly due to a temporary or local 
increase in temperature. There may be a narrow range over 
which ferric oxide minerals and sulphides are deposited from the 
same solutions at the same time and place, but sulphides in general 
apparently do not form until ferric minerals have ceased to form. 
There are descriptions of “ magmatic ’’ sulphide deposits in which 
it is assumed that sulphide was present as a mineral or as “ matte ”’ 
during the early stages of the crystallization of the magmas and 
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collected by settling. In the detailed descriptions of the miner- 
alogy of such deposits, however, any magnetite that is present 
with the sulphide is usually described as etched and in process of 
destruction, indicating that the ferric oxide and the sulphide were 
not in stable relation. 

Gilbert * has recently emphasized the antipathy between ferric 
oxide and sulphides in ore deposits. 

Magnetite forms in slags of copper smelters, especially in the 
converter slags, but apparently is not in stable relation with the 
sulphide matte. Maier and Van Arsdale* have pointed out that 
the floating of matte particles is promoted by sulphur dioxide gas 
formed by reaction between the sulphur of the matte and the fer- 
ric iron of the magnetite. The gas attaches as bubbies to the 
matte and causes it to float in the slag. 

It is of further interest to note that Washington * in consider- 
ing the composition of the earth, as indicated by meteorites and 
other data, finds that sulphide forms an appreciable percentage of 
the inner zones composed of metallic iron and nickel and of fer- 
rous silicates, but in the outer zones of basaltic and granitic com- 
position where ferric iron is an important constituent of the rock, 
sulphides are not present in notable amount. Sulphides are, how- 
ever, deposited from the emanations from these outer ferric zones 
when the emanations reach such a condition that ferric iron is not 
precipitated, at least not in abundance. 

That sulphides form during the solidification of magmas seems 
clear from many descriptions, but there should be a critical ex- 
amination of evidence to determine whether they formed early in 
the crystallization when ferric minerals normally form or late in 
the crystallization stage,—when the remaining liquid has reached 
the temperature and sulphur concentration comparable to that of 
ore solutions that are expelled from the magma. It seems prob- 


2 Gilbert, Gregory, ‘“‘ The Significance of Hematite in Certain Ore Deposits,” 
Econ. GEot., vol. 21, pp. 560-577, 1926. 

3 Maier, C. G., and Van Arsdale, G. D., Copper-smelting Stages from the 
Microscopic and Chemical Point of View. Eng. and Min. Jour., vol. 107, p. 823, 
1919. 

4 Washington, H. S., “ The Chemical Composition of the Earth,” Am. Jour. Sci., 
5th ser., vol. 9, p. 363, 1925. 
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able that at least some of the magmatic sulphide deposits were 
formed from magmas that solidified in chambers that had no 
ready connection with the surface, so that the materials that nor- 
mally escape through fractures as emanations toward the surface, 
were retained to deposit sulphide in the closing stages of cooling 
and solidification. Shannon’ has described such conditions in 
the crystallization of a sill in which sulphides form in the latest 
stages of crystallization. 

It seems probable that in the case of solutions free from sul- 
phur or similar elements that would reduce ferric iron when a 
certain temperature is reached, the formation of ferric minerals 
might go on at lower temperatures. 

In the intermediate temperature zone iron sulphide forms 
abundantly and usually it continues to form decreasingly through 
the low temperature zone and in hot ‘springs. 

Deposition of ferrous silicates and carbonates takes place in the 
high temperature zone and also extends through the intermediate 
zone and possibly into the low temperature zone, in both of which 
physical conditions permit deposition of iron sulphides, though 
usually one or the other class of mineral predominates. What 
controls the formation of these ferrous oxide minerals or sul- 
phides has not been demonstrated, though the concentration of 
sulphur in some forms in the solutions is doubtless a factor. 

Manganese. 





Manganese is a rather common constituent of ore 
deposits of magmatic derivation. Its most usual occurrence as a 
hypogene mineral is as the carbonate rhodochrosite or the silicate 
rhodonite, or as mixed carbonate. 

In the Franklin Furnace, New Jersey, zinc deposits, manganese 
occurs mainly in the lower state of oxidation, but apparently in 
part as the higher oxide in franklinite and rarer manganic min- 
erals. Spencer believes that these deposits formed at high tem- 
perature from magmatic solutions. Others regard them as meta- 
morphic products of sulphide or hydrous oxide and silicate min- 

5Shannon, Earl V., “The Mineralogy and Petrology of Intrusive Triassic 


Diabase at Goose Creek, Loudoun County, Va. Proc. U. S. Nat. Mus., vol. 66, 
Art. 2, pp. 1-86, 1924. 
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erals, but all are agreed that they represent high temperature con- 
ditions. 

Hausmannite, Mn,Q,, corresponding to magnetite in chemical 
composition, is known from numerous deposits. It apparently 
occurs over a rather wide range, possibly from high to low tem- 
perature deposits, but not in association with sulphides. 

The manganous carbonate and silicate, rhodochrosite and rho- 
donite, are characteristic of the intermediate zone and possibly 
they extend to the low temperature zone in decreasing amounts. 
Some hot spring deposits contain rather abundant manganese 
minerals, but these have been subject to oxidation under surface 
conditions. Sulphide of manganese, alabandite, MnS, is rather 
rare. It probably forms mainly in the intermediate zone and, 
while there are few data on the subject, it may be supposed that 
like iron sulphide it deposits together with the manganous min- 
erals, but not with manganic minerals. 

Tungsten.—Tungsten occurs mainly in combination with 
oxygen as tungstates and is most abundant in the high tempera- 
ture zone though it continues to deposit, probably in decreasing 
amount, in zones of lower temperature, even including hot springs. 
The only known occurrence of the sulphide tungstenite is be- 
lieved to have formed at intermediate temperature. 

Tin.—Tin like tungsten occurs mainly as an oxygen compound 
and most abundantly in deposits formed at high temperature, but 
extending to intermediate and possibly low temperature. Like 
tungsten also it occurs to a rather limited extent as sulphide in 
deposits formed at intermediate temperature. 

Zinc, Lead, and Copper.—Zinc, lead, and copper in hypogene 
deposits occur chiefly as sulphide. A notable exception is the 
Franklin Furnace zinc deposit in which the zinc is largely in com- 
bination with oxygen. Similar but not large deposits occur at 
Langban, Sweden, and elsewhere, and like those at Franklin Fur- 
nace, are regarded as having been formed at high temperature. 
Goldschmidt *° has described willemite as a contact mineral at 
Kristiania. The formation of the zinc silicate, however, he re- 


6 “ Die Kontakt Metamorphose im Kristaniagebiet,” p. 392, 1911. 
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gards as due to the low sulphur content of the magmatic gases. 
The zinc spinel gahnite is reported by C. S. Ross and others from 
several localities in the southern Appalachians, where it is a high 
temperature hydrothermal mineral earlier than associated sul- 
phides. Ross regards these deposits as a connecting link between 
the more ordinary sulphide deposits and the Franklin Furnace 
type. 

Lead rather rarely occurs in combination with oxygen but is 
represented in the Franklin Furnace, N. J., deposit and at Lang- 
ban, Sweden, and in other deposits of this type by such high tem- 
perature minerals as masonite, hancockite, roeblingite, bonysylite, 
alamosite, hyalotekite, and kentralite. It also occurs combined 
with oxygen in the mineral hinsdalite‘ at intermediate to low 
temperature. 

Copper.—Copper is present in small amount in igneous rocks, 
especially in the dark silicates, and several investigators have re- 
garded it as occurring combined as a silicate in these minerals. 

Native copper occurs as a hypogene mineral in several districts. 
For the Lake Superior district, the Coro Coro district, Bolivia, 
and the Triassic deposits of New Jersey, it has been described as 
formed when sulphur-bearing solutions were oxidized by the 
ferric iron of the rocks in which the deposits were formed, 
though this is not the only explanation offered for such deposits. 

The available evidence therefore indicates that copper, lead, and 
zinc in combination with oxygen occur as hypogene minerals only 
in igneous rocks or high temperature ore deposits. 

Sulphur.—Sulphur occurs in hypogene ore deposits in three 
conditions—combined with metals as sulphide; combined with 
oxygen as sulphate, and possibly as native sulphur. The occur- 
rence of sulphides in igneous rocks has already been discussed. 

In ore deposits the sulphides usually follow the ferric oxide and 
ferric silicate minerals. Ferrous and other silicates may form 
with the sulphides which are most abundant in deposits formed at 
intermediate temperature but sulphides continue to form usually 
in decreasing amounts through lower temperatures including the 


7 Larsen, E. S., and Wells, R. C., Proc. Nat. Acad. Sci., vol. 2, pp. 362-364, 1916. 











B. S. BUTLER. 





240 


hot spring stage, and probably form also at ordinary surface 
temperature. It is worthy of note that the sulphides charac- 
teristic of intermediate temperature deposits are those relatively 
high in sulphur and arsenic and low in metal as pyrite and ar- 
senopyrite, while at lower temperature increasing amounts of sul- 
phides relatively high in metals as galena and chalcocite and the 
rich silver minerals form. 

Pyrrhotite, the iron sulphide low in sulphur, is frequently re- 
ferred to in the literature as a relatively high temperature mineral. 
In this position it may be regarded as intermediate between the 
oxides of iron and pyrite which forms abundantly at intermediate 
temperatures. In the Appalachian sulphide deposits, however, 
pyrrhotite is reported by several authors as later than pyrite. In 
this position it would follow the tendency indicated above of the 
lower temperature sulphide being higher in metal. Gilbert * has 
suggested that pyrrhotite forms where the solutions contain much 
sulphur and are therefore strongly reducing. In hydro-metal- 
lurgy pyrrhotite ° is found to have a strong reducing effect upon 
ferric solutions as compared with pyrite. This would suggest 
that in ore deposits it might form further from conditions favor- 
able to ferric minerals than pyrite, as suggested by Gilbert. It 
seems rather clear that pyrrhotite forms over a rather limited 
range of conditions but the conditions are too little known to 
warrant definite generalizations concerning the relation of pyrite 
and pyrrhotite. 

Sulphates are present in small amount as sulphate-silicate min- 
erals in igneous rocks and in contact deposits, but many, if not 
most of these, have formed only where there has been a concen- 
tration of mineralizers.*° The sulphates are most abundant in 
deposits formed at intermediate and low temperature. 

Native sulphur is certainly not common and may not exist in 
hypogene deposits. It is present, however, with alunite in de- 
posits in Colorado and other localities in which it may be of hypo- 
gene origin. 

8 Op. cit., p. 575. 

® Van Arsdale, G. D., Trans. A. I. M. M. E., vol. 73, p. 81, 1926. 


10 Ross, C. S., “ Nephelite-hauyinite Alnoite from Winnett, Mont.,” Am. Jour. 
Sci., vol. 11, p. 226, 1926. 
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The oxidized compounds of sulphur that deposit as minerals, 
therefore, form at the same time and under the same condition as 
sulphide and as ferrous oxide minerals, (carbonates and silicates ) 
but not abundantly, if at all, with ferric oxide minerals. It may 
be noted that the metals that combine to form sulphides in pri- 
mary deposits do not form sulphates, with the rare exception of 
lead. For many of the metals this may be due to the high 
solubility of the sulphate. That lead sulphate, probably least 
soluble of the common metal sulphates, is a rare exception in its 
occurrence as hinsdalite, may support this idea, though hinsdalite 
is a double salt of the jarosite type of compounds that seems fav- 
orable to the precipitation of sulphates that are ordinarily soluble. 

It is not known in what state sulphur is present above the tem- 
perature at which it deposits as sulphate, but presumably in a 
lower state of oxidation, possibly as SO, or H.S, as indicated by 
its mode of occurrence in volcanic gases. 


CAUSES OF CHANGES. 


In the preceding paragraphs it has been assumed that tempera- 
ture was at least a factor in determining the state of oxidation of 
the metals that precipitate. This seems to be in part, at least, 
justified from the known behavior of some of the metals. Fer- 
rous iron, for example, is known to be oxidized readily by car- 
bon dioxide at about 500° C., while both above and below that 
point the tendency to oxidize decreases. It is oxidized by water 
at temperatures around 600° C.,"* but decreasingly so at higher 
temperature. Below 600° there is no record of the trend known 
to the writer, but the relations of ferric minerals suggest that it 
is not strongly oxidizing at somewhat lower temperature. Sul- 
phur dioxide, SO., readily reduces ferric solutions at a tempera- 
ture up to 350° C.,"* possibly higher with the production of SOs, 
but at high temperature such a reaction is not active. These re- 
actions suggest reasons for the abundance of ferric minerals in 
the high temperature deposits and especially in the contact de- 


11 Eastman, E. D., and Evans, R. M., “ Equilibera Involving the Oxides of 
Iron,” Am. Chem. Soc. Jour., vol. 46, p. 888, 1924. 
12 Tabelman, H. A., and Potter, J. A., A. J. M. M. E. Bull. 146, p. 485, 1919. 
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posits in limestone where CO, would be an oxidizing agent and 
they explain the absence of ferric minerals and the presence of 
sulphates in the range where SO. acts as a reducing agent toward 
ferric iron. 

These reactions, however, do not clearly indicate why sulphates 
and sulphides should form at the same time. Is this due to tem- 
perature or to the concentration of sulphur in the solution? In 
an undifferentiated magma sulphur must be in very low concen- 
tration but as the non-sulphur-bearing minerals crystallize, the 
residual solution must become constantly richer in sulphur till 
in some ore solutions it evidently is in high concentration. Under 
these conditions sulphides not only deposit from the solution but 
sulphur combines with the iron in oxides and silicates of the 
enclosing rocks. The oxygen with which this iron was originally 
combined may then be available to oxidize some of the remaining 
sulphur of the solution and form sulphates. This is a suggestion 
based on geological relations, but the writer knows of no experi- 
mental data to indicate whether or not it is sound chemistry. 

Geological evidence as a whole, therefore, indicates that com- 
pounds containing ferric oxide have formed in ore deposits at a 
relatively high temperature and had practically ceased to form 
before sulphides deposited abundantly, whereas ferrous com- 
pounds may form from the same solution as sulphides. The 
same general condition exists with other metals that form com- 
pounds with both oxides or silicates and sulphides or sulphates. 
The compounds in which the metals are combined with oxygen 
form at higher temperatures than those containing sulphur. 
Whether the change from combination with oxygen to that with 
sulphur is at the same temperature for all metals is not known. 
Possibly the oxides of tin and tungsten, for example, form at 
lower temperatures than ferric oxide, and may form with iron 
sulphide, though the sulphides of these metals seem to form at 
intermediate temperature. 

There have been two general ideas advanced to explain the dif- 
ference between the mineralogy of high and low temperature 


deposits. One, that there are successive surges of mineralizing 
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fluids, the earlier and hotter being deficient in sulphur and the 
later and cooler being relatively rich in sulphur. The other, that 
there is one main surge of mineralizing fluid which near its source 
is relatively hot and deposits characteristic minerals, and as it 
cools it undergoes reactions and changes that cause the precipita- 
tion of different minerals. 

The relations brought out in the preceding discussion, though 
not incompatible with the occurrence of successive surges, sug- 
gest that the known mineral relations may well result from one 
surge. It will be a great step in advance when the chemists shall 
have analyzed the problem of a cooling solution and have shown 
where hypogene oxides and sulphides are to be expected and 
therefore what their significance in ore deposits is. 


SUPERGENE DEPOSITS. 

It may be of interest to note briefly the changes in supergene 
deposits, those deposits about which we have much more definite 
knowledge. These also may be separated into oxidized zone and 
sulphide zone. 

The oxidized zone may be limited by the depth to which hypo- 
gene minerals, particularly sulphides, have been changed by at- 
mospheric oxygen into such supergene minerals as oxides, car- 
bonates, sulphates, and silicates. 

The supergene sulphide zone may be restricted to that portion 
of the deposit where secondary sulphides are abundantly formed 
largely by replacement of other sulphides, and where oxidation 
of the earlier sulphide is effected by ferric iron solutions or other 
oxygen compounds derived from nearer the surface rather than 
by atmospheric oxygen. 

It is readily apparent that the later stages of mineralization by 
hypogene solutions are closely similar mineralogically to the 
secondary sulphide zone formed by supergene solutions. Both 
are characterized by a relative abundance of sulphides high in 
metal and low in sulphur, notably chalcocite and the rich silver 
minerals. 

In both the characteristic occurrence is the replacement of 
17 














244 B. S. BUTLER. 
earlier minerals, most commonly sulphides, by later sulphides or 
allied minerals. So similar are the two kinds that in places a 
most careful study is necessary to determine whether they are 
hypogene or supergene; indeed it has not been possible to de- 
termine the origin of some deposits positively, and the close 
similarity has led to differences in opinion as to the origin of 
the deposits and of certain minerals contained in them. 

There are also similarities in the adjacent zones from which 
the solutions are inferred to have come. The supergene sul- 
phides are deposited by solutions that come from a shallow zone 
where ferric minerals were abundantly deposited and the solu- 
tions evidently contained ferric iron. In the zone where the 
secondary sulphides were deposited, however, ferric minerals 
were not formed, and it is inferred, both from the character of 
the minerals and from analyses of supergene solutions, that the 
ferric iron is reduced during the oxidation of hypogene sulphides, 
probably before deposition of supergene sulphides begins. Hypo- 
gene sulphides of the intermediate and shallow zones are de- 
posited by solutions that come from a deeper seated zone rich in 
ferric minerals and that evidently contained ferric iron; but fer- 
ric minerals are scarce or absent in these sulphide zones, although 
ferrous minerals and in some deposits sulphates are abundant, 
and it is inferred that the ferric iron is reduced during the oxida- 
tion of sulphur or sulphur compounds when physical conditions 
permit. This inference receives support from the known be- 
havior of ferric compounds and sulphur compounds. 

In both hypogene and supergene deposits the sulphides ap- 
parently begin to deposit under conditions that have caused the 
reduction of ferric iron, and probably in both, sulphur has been 
oxidized. 

Is it probable that potential metal sulphides of hypogene de- 
posits were carried in ferric or allied types of solutions that are 
solvents for many sulphides, and that sulphides began to pre- 
cipitate as the ferric iron was reduced? 

Supergene solutions in the zone where oxidation by atmos- 
pheric oxygen is active are acid, and that metals are carried from 
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this zone by acid solutions, is indicated by analyses of such solu- 
tions. As such solutions pass below the effect of atmospheric 
oxygen, they lose their acidity by reaction with alkaline minerals 
at the same time that ferric iron is being reduced. 

It it probable that hypogene ore-forming solutions are also acid 
at high temperature, as suggested by the study of hot springs 
and fumaroles by Day and Allen,** and that sulphides are carried 
in acid solution and are deposited as the acidity is reduced, thus 
giving a further similarity to supergene solutions? Geologists 
have generally considered the solutions that formed metalliferous 
deposits at high and intermediate temperatures to be alkaline, 
largely perhaps because of the abundance of the potash mineral, 
sericite, associated with these deposits. 

Certain alunite deposits that have been regarded by some as 
hypogene suggest that at lower temperatures volcanic emanations 
may be acid, but the predominance of sulphates in such deposits 
suggests that the sulphuric acid has resulted from oxidation of 
sulphur or sulphur compounds as the emanations cooled, rather 
than that it was original sulphuric acid in the emanations as they 
left the magma. 
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13 Day, A. L., and Allen, E. T., “ The Volcanic Activity and Hot Springs of 
Lassen Peak,” Carnegie Inst. of Wash. Pub. No. 366, 1925. 
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GENERAL STATEMENT OF THE PROBLEM. 


THE Vermont tale deposits, which are now commercially the most 
important in the United States, occur in two north-south belts in 
central and eastern Vermont as lenses in crystalline rocks. A 
number of these lenses are in or associated with masses of serpen- 
tine which are altered ultra-basic igneous intrusions. Other 
lenses, however, are in schists and gneisses and are not visibly 
connected with any rocks rich in magnesia. In all of the de- 
posits the tale is associated with a dolomite, usually a ferrous 
variety, and the intimate mixture of the two minerals found in 
246 
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many deposits is called “grit,” and is ground without any at- 
tempt to separate the two minerals. In all of the deposits in 
schistose rocks the talc lens is bounded by a zone of nearly pure 
chlorite, known to the miners as “ blackwall.” Moreover, where 
talc is found in serpentine, it is associated also with a chlorite 
having the same, or nearly the same optical properties as that in 
the “ blackwall.” 

In addition to these conspicuous characteristics of the Vermont 
talc lenses, a close study shows that the tale is constantly asso- 
ciated with other minerals, or varieties of mineral species not 
found in the country rock of the tale deposits. These minerals 
are tourmaline, biotite, actinolite and other similar members of 
the amphibole group, apatite, magnetite, titanite, and pyrrhotite. 
All of these minerals are not found in each talc deposit, nor is the 
paragenesis of the minerals entirely clear in each case, but the 
constant association of these minerals, and the clear evidences of . 
replacement of the country rock by chlorite, and of chlorite by 
talc has lead the author to the conception that the origin of the 
talc is connected with the introduction of hot magmatic solutions, 
which, during their later stages, were very rich in magnesia. The 
random orientation of mineral grains, and the replacement of non- 
schistose serpentine by talc, has indicated that the tale formation 
was not accompanied by dynamic metamorphism. 

In contrast to this conception of the origin of the tale by re- 
placement of rocks not necessarily rich in magnesia is that of 
Professor Jacobs of the Vermont State Geological Survey who 
holds that the talc lenses, however irregular they may be, represent 
loci of original magmatic injections of peridotite or pyroxenite. 
He considered all of the magnesium to have originally been pres- 
ent in the rock of which the talc is the alteration product. 

Jacobs is the only one who has recently made a detailed study 
of the geology of the Vermont talc deposits. His descriptions 
are published in two reports.’ Quotations from these give his 
ideas on the genesis of the talc: 

1Jacobs, E. C., “Tale and the Tale Deposits of Vermont,” Rept. Vermont 


State Geologist, 1913-14, pp. 382-429. Jacobs, E. C., “ The Talc and Serpentine 
Deposits of Vermont,” Rept. Vermont State Geologist, 1915-16, pp. 232-80, 1916. 
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From ? the evidence afforded by the great Williams deposit at Rochester, 
it seems probable that all the lenses were formed by the injection into the 
preéxisting cavities (chonolithic injections) or else into zones of weak- 
ness due to the mountain folding, of a magma which was the source of 
the serpentine on the one hand, and of the talc, on the other. The serpen- 
tine is less altered than the talc, and its contact effect on the country rock 
is different, hence it is believed that it represents a later, and different in- 
trusion than does the talc... . 

. . . A typical lens consists of a great central core of grit (mixed talc 
and dolomite) with a talc member on either side, bounded in turn, by a 
highly magnesian schist called blackwall, which merges gradually into 
sericite schist which forms the country rock of the region. The evidence 
is believed to support the theory that the origin of the talc and blackwali 
materials was a chonolithic injection of a magma which was differentiated 
on cooling into two substances, the one giving rise to talc; the other, 
being concentrated near the margins of the injection and subjected to 
movement, to the blackwall. It is further believed that infiltering dolomite 
has produced the grit member in the talc deposits, just as it has produced 
the verde antique in the serpentine lenses. . . . 

By recalculation of the talc analyses, on the theory that the dolomite of 
the grit and the disseminated pyrrhotite have been introduced, it has been 
found that the original mineral which on being metamorphosed produced 
the talc, was enstatite. No direct microscopic evidence of this or other 
original mineral, however, has been found. 


In regard to the conditions of metamorphism, Jacobs * says: 


As regard the conditions (heat, carbonation, pressure, etc.) under which 
the alteration of the original magma to talc and serpentine took place, 
this investigation has nothing to add to existing theories. Tremendous 
erosion must have gone on in the Green Mountains, since their folding 

. and the present land surface must have then been buried under many 
feet of sediments, hence under conditions of great heat and pressure. 


Where the tale occurs in serpentine, Jacobs * says: 


The talc of the Roxbury deposits and of the Moretown deposit must be 
considered as having been derived from the antigorite of the serpentine 
intrusion. 


The purpose of this paper is to describe in detail the mineralogy 
of a number of typical talc deposits in Vermont, giving, as far as 


2 Rept. Vermont State Geologist, 1915-16, pp. 272-3, 1916. 
3 Loc. cit., p. 269, 1916. 
4 Loc. cit., p. 269, 1916. 
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possible, the sequence, or paragenesis of the minerals, thus ad- 
vancing evidence that the talc is rather the result of the action of 
hot solutions, which have introduced magnesia into rocks which 
previously contained much too little to form talc. 

A review of other talc deposits is given in order to draw some 
general conclusions on the origin of talc. 

Since a considerable number of varieties of the serpentine and 
chlorite groups were found, the determination of their properties 
probably has some mineralogical interest entirely apart from any 
problem of the origin of the talc. 

The reasons for assigning a particular mineral to either the 
chlorite or the serpentine group may be of interest to anyone who 
has worked with these two mineral groups. Having determined 
that the mineral was either a serpentine or a chlorite, the most 
important criterion used was the mineral hardness. If the ag- 
gregate could be readily scratched, indicating a hardness of 2 in 
Moh’s® scale, the mineral was called chlorite; if 4, serpentine. 
Moreover, all of the chlorite had indices of refraction over 1.580, 
while those of the serpentines were lower. The chlorites were 
always nearly uniaxial, the serpentine distinctly biaxial. On the 
other hand the birefringence, pleochroism, dispersion, optical 
character, etc., were not diagnostic. 


THE GENERAL GEOLOGY OF VERMONT. 


The only geological map of the whole state of Vermont is that 
of Edward Hitchcock,® published in 1861. This map shows that 
the state is underlain by north-south belts of schists and gneisses 
intruded by granites. From east to west across the state is first 
a belt of “ talcose schist,” forming a narrow strip along the Con- 
necticut River, then a narrow bed of clay slate, then a large area 
of “calciferous-mica-schist ’; then a second belt of clay slate; 
and in the central part of the state a large area of “ talcose schist ” 
which is much wider at the north than at the south. In the 
southern part of the state this is bounded both on the east and on 


5 Hitchcock, Edward, Geological Map of Vermont, accompanying report on the 
Geology of Vermont, vol. II., 1861. 
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the west by gneiss since on the east the clay slate is replaced by 
gneiss south of Royalton township in Windsor county. More- 
over, a wedge of this gneiss extends from the Massachusetts 
border northeastward into the calciferous-mica-schist as far as 
Hartford township in the central part of Windsor county. On 
the west the gneiss borders the talcose schist as far north as the 
central part of the state, but beyond this it intersects the there 
wider talcose schist belt. The gneiss form the “ backbone” of 
the Green Mountains. With the formations in the western part 
of the state we have no concern. 

Nearly all of the talc deposits occur in the talcose schist, al- 
though a few are found in the wedge of gneiss in the southeastern 
part of the state. Thus the talcose schist is the principal country 
rock of the tale deposits. 

Hitchcock realized that the name talcose schist was a misnomer, 
since analyses by G. F. Barker® showed that the rock contained 
only from a trace to 1.98 per cent. of MgO. Still, as thé great 
belt of schist extending from Canada to Alabama was at that time 
known as the “ talcose schists,” he’ retained the name to avoid 
confusion. 

Jacobs * made a study of the talcose schist from a number of 
places. In general, the rock contains quartz, a lesser amount of 
orthoclase, large crystals of muscovite (sericite), graphite, chlo- 
rite, a little tourmaline, garnet, and apatite. Jacobs dropped the 
name of talcose schist, and applied the name of ‘ quartz-sericite- 
schist ” to the formation. 

Detailed descriptions of these schists and gneisses are scattered 
and uncorrelated. A number of townships have been studied by 
members of the Vermont Geological Survey, but none containing 
talc deposits. The areas mapped nearest to a tale deposit are 
those of Bethel by Richardson® and of Randolph by Richardson 

6 Given in the Report on the Geology of Vermont, by Edward Hitchcock, vol. 1, 
p. 503, 1861. 

7 Cited by Jacobs, E. C.; Tale and the Talc Deposits of Vermont, Rept. Vermont 
State Geologist, 1913-14, P. 397, 1914. 

8 Jacobs, E. C., loc. cit., pp. 397-401, 1914. 


® Richardson, C. H., The Terranes of Bethel, Vermont, Rept. Vermont State 
Geologist, 1923-24, pp. 77-103, 1924. 
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10 


and Cabeen '* to which reference will be made in describing talc 


deposits in their vicinity. 

The present author studied the country rock of each tale de- 
posit, but did not have opportunity to do areal geological work. 

A north-south series of lenticular serpentine masses is found 
in the quartz-sericite-schist and represent a southern continuation 
of the serpentine area in Quebec. Undoubtedly the serpentines 
in Massachusetts, as at Chester '' are other examples of the same 
series. The Vermont masses have been described by Wiggles- 
worth ** and since they are very important in considering the 
origin of the tale a quotation from his report is pertinent: 


There are over twenty ?* localities from which serpentine has been re- 
ported. These localities align themselves in a direction approximately 
north and south, and thus correspond to the general trend of structure in 
the state. The line thus formed lies on the east side of the axis of the 
Green Mountains, and therefore in the eastern half of the state. The 
individual occurrences vary greatly in size, some being two or three miles 
long, while others are not more than two hundred feet. . . . 

The larger areas of the serpentine are likewise elongated in the direc- 
tion of the strike of the schist, and show other evidences of being con- 
cordant injections. .. . 

A study was made of sixty-four thin sections of serpentine from the 
different localities . . . they show a remarkable uniformity. Alteration 
from the parent rock has nearly always been complete. . . . Olivine is 
present in sixteen of the sections . . . in various stages of alteration to 
serpentine . . . monoclinic pyroxene was identified in three cases. 


The serpentine is commonly veined by a ferrous dolomite which 
makes a striking color contrast of green and white, very beautiful 
when polished. Such rock, known as Verde Antique, is exten- 
sively quarried by the Vermont Marble Company. 

The author observed in his study of the serpentines in which 


10 Richardson, C. H. and Cabeen, C. K., The Geology and Petrography of 
Randolph, Vermont, Rept. Vermont State Geologist, 1921-22, pp. 109-142, 1922. 

11 Emerson, B. K., “ Geology of Massachusetts and Rhode Island,” U. S. Geol. 
Surv. Bull. 597, pp. 156-7, 1917. 

12 Wigglesworth, Edward, “ The Serpentines of Vermont,” Rept. Vermont State 
Geologist, 1915-16, pp. 281-292, 1916. 

13 Jacobs states that later investigation has shown that thirty exist. Rept. 
Vermont State Geologist, 1915-16, p. 272, 1916. 
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talc occurred that the mineralogy is much more simple than in 
many examples of serpentines from other parts of the world 
found in the petrographic collection at the Massachusetts Institute 
of Technology. Magnetite is absent or very subordinate, and 
only one, or at the most two, serpentine species are present. 

The general geological history of the state of Vermont has been 
summarized by Dale ** as follows: 


In early Paleozoic time the pre-Cambrian rocks were covered by sedi- 
ment and limestones of marine origin. At the close of Ordovician time 
a crustal movement took place, metamorphosing the Cambrian and Ordo- 
vician sediments into schist, slate and marble, and powerfully folding and 
also elevating them. After a long time interval, probably at the close of 
the Devonian or Carboniferous time, another crustal movement took 
place, accompanied by the intrusion into the schist mass of granitic 
material. 


The age of the serpentine rocks is not definitely fixed. Wig- 
glesworth ** quotes Dresser as stating that the Quebec serpentines 
are intrusive into sediments of Middle Ordovician age, but Rich- 
ardson ** maintains that in northern Vermont the serpentine does 
not cut the Irasburg conglomerate of Lower Ordovician age. 
Wigglesworth ** states, however, that the serpentines do not ap- 
pear to have suffered the same amount of metamorphism as the 
surrounding rocks and hence they were probably intruded after 
the Ordovician period of folding. Emerson ** considers the ser- 
pentine at Chester, Mass. to be Ordovician, but states that it was 
intruded after the shearing. On Wigglesworth’s evidence the 
serpentine may be an altered basic differentiate of the Devonian 
granites. 

14 Dale, T. N., “ The Granites of Vermont,” U. S. Geol. Surv. Bull. 404, p. 16, 
1909. 

15 Wigglesworth, Edward, Joc. cit., p. 283. 

16 Richardson, C. H., Asbestos in Vermont,® Rept. Vermont State Geologist, 
1909-10, Ppp. 315-30, 1910. 

17 Wigglesworth, Edward, Joc. cit., p. 289. 


18 Emerson, B. K., “ Geology of Massachusetts and Rhode Island,” U. S. Geol. 
Surv. Bull. 597, pp. 156-7, 1917. 
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ORIGIN OF VERMONT TALC DEPOSITS. 


THE TALC DEPOSITS. 


General Statement. 
Thirty-three occurrences of talc in Vermont are reported al- 
though there are probably many more of minor importance. The 
location of the most important deposits is shown in Fig. 1. These 
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Fic. 1. Map of Vermont, showing principal talc deposits. 


are at Windham, at Chester, at Rochester, at East Granville, at 
Moretown, and at East Johnson. A southern extension of the 
Vermont talc deposits is found in Massachusetts, notably in Rowe, 
and in Blanford. 

The following Vermont deposits have been visited by the author 
and will be described on the following pages. 


1. The Dodge property (Carlton quarry) 2% miles southwest of 
Chester Village, Windsor County. 

2. The Greeley Mine, one mile northwest of the village of Stock- 
bridge, Windsor County. The quarry is in a serpentine 

mass on the south side of the White River and has long 








JOSEPH L..GILLSON. 


been idle, although verde antique has been produced there 
more recently. 
. The Williams Mine, four miles northeast of Rochester Village, 


ios) 


Orange County. This is the largest mine in the state. 
4. The verde antique quarry of the Vermont Marble Company at 
North Hollow, 2% miles northwest of Rochester, Orange 
County. Tale does not occur at this place in commercial 
quantities, but the relation of tale to serpentine was clearly 


illustrated. 
3. A prospect at Hammondville, Reading township, Windsor 
County. 


6. Tale deposit on the farm of J. C. Bisbee, in the southwest 
corner of Moretown township, Washington County. 

7. Deposit belonging to the Eastern Magnesia Tale Company, 2 
miles southeast of Waterbury, Moretown township, Wash- 
ington County, on the road to the village of Middlesex. 


Of these, the first occurs in gneiss, with no exposures of ser- 
pentine ; the fifth is in schist, with no exposures of serpentine; the 
third, sixth, and seventh are in schists, with adjacent serpentine 
bodies; while the second and fourth are in serpentine. It is im- 
portant that no workable tale deposits occur wholly in serpentine. 

The deposits will now be described in detail, giving the evi- 
dences afforded by each for the origin of the talc. 


The Dodge Property, Chester, Windsor County. 


Location and General Character—The Carlton tale quarry, 
locally called the Dodge property after its proprietor, Mr. C. P. 
Dodge, lies southwest of Chester Village. The quarry is small; 
the product a low grade talc suitable for filling roofing paper, 
plaster board and for other special purposes. 

The considerable number of mineral species which occur in 
this quarry, and the excellent exposures of the talc lens, make this 
property one of the most instructive examples in considering the 
genesis of the talc. The country rock is a gneiss, very clearly re- 
placed by a series of minerals of which the paragenesis is clear 
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ORIGIN OF VERMONT TALC DEPOSITS. 255 
except for a few details. ‘Tourmaline and biotite were early min- 
erals, talc had formed near the end of the sequence, but is defi- 
nitely followed by magnetite and then by pyrrhotite. Actinolite 
occurs in large aggregates of beautiful crystals, suitable for mu- 
seum specimens. No serpentine is exposed. 

General Geological Features —The exposed tale lens is about 
two hundred feet long and seventy-five to one hundred feet broad, 
and is opened by a glory hole seventy-five feet deep. The country 
rock is a coarsely banded gneiss consisting of quartz, untwinned 
albite, lepidomelane, muscovite, hornblende, a chlorite near aphro- 
siderite, garnet, epidote, and containing subordinate amounts of 
apatite, zircon and rutile. The dark bands differ from the light 
colored ones only in the proportion of the dark minerals. Pyrite 
occurs disseminated in the rock and is of uncertain age. The 
strike of the schistosity is N. 24° W., and the dip is N. 80° W. 

The west wall is exposed the length of the quarry, and stands 
as an overhanging cliff, parallel to the schistosity. The east wall 
is not exposed. Clinging to the west wall is a seam or zone, a 
foot or more in thickness, of lustrous green chlorite, schistose 
parallel to the contact. With the chlorite is some biotite, from 
which the chlorite seems to have altered. 

The main mass of tale has a structure pseudomorphous after 
this nearly vertical chlorite schist which it has obviously replaced. 
In the talc are streaks of unaltered, pure biotite. On the walls of 
such streaks the actinolite occurs, the crystals showing a tend- 
ency to lie oriented at right angles to the biotite wall. Actinolite 
occurs on both sides of some biotite streaks, but others have no 
actinolite margins. The actinolite has clearly replaced the biotite, 
leaving interstitial masses of biotite, or of biotite gone to chlorite. 
The alteration of such masses to tale had begun with the chlorite, 
so that many beautiful crystals of unaltered actinolite can be 
picked from a tale ground mass. Where the replacement has 
been carried to completion, the actinolite crystals are now talc 
pseudomorphs. 

The relation of the minerals of the tale zone to the gneiss coun- 
try rock cannot be observed in place, but large blocks of the gneiss 
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on the dump clearly exhibit the marginal relations. Streaks of 
the talc-zone biotite and tourmaline are found sharply cross-cut- 
ting the schistosity of the gneiss, and wedged into the laminae. 
Tourmaline is found as far as the tip of such wedges, although 
the biotite is not. As shown in the next paragraph, this biotite 
of the talc lens is a different variety from the lepidomelane of the 
gneiss, and tourmaline is absent from the latter. Such an attack 
on the country rock is clearly pneumatolytic, and is not a magmatic 
injection as postulated by Jacobs.*® 

Description and Paragenesis of the Minerals—The minerals 
of the talc zone, in the probable order of their formation, are 
tourmaline, quartz, biotite, apatite, actinolite, chlorite, ferrous 
dolomite, flake and fibrous varieties of talc, magnetite, and finally 
pyrrhotite. Of these minerals only the quartz, the black biotite, 
and the chlorite of the blackwall indicate effects of shearing. 
The quartz is severely granulated, the biotite and chlorite occur as 
schistose rocks. This evidence of movement on the blackwalls is 
common to each deposit and indicates that the alteration of the 
country rock was accompanied by changes of volume in response 
to which movement took place. 

The biotite and chlorite of the talc rock are different minerals 
from the lepidomelane and chlorite of the country rock, as is 
shown by the following optical constants. 


Biotite in Tale Rock 


Lepidomelane in Black Brown Green 
Country Rock Brown in section 
r= 1.634 = .005 r=1.610 + .005 r= 1.605 + .005 r = 1.605 + .005 
2V 0 2V 11 2V o 2V 0 
Chlorite in Chlorite in 
Country Rock Chlorite of Blackwall Tale Rock 
r = 1.620 + .005 r= 1.597 + .005 r= 1.603 + .005 
2V about 10 2V o 2V 22 48’ 
Optically Plus Plus Plus 


The black biotite is unusually rich in reaction halos around tiny 
zircon grains. This biotite aggregate contains lenses of greenish 


19 Jacobs, E. C., “ The Talc and Serpentine Deposits of Vermont,” Rept. Ver- 
mont State Geologist, 1915-16, pp. 272-3, 1916. 
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ORIGIN OF VERMONT TALC DEPOSITS. 257 
apatite. One lens, 11% inches long, is a single crystal and is not 
sheared. 

The most spectacular mineral in the group is the actinolite. It 
occurs in radial aggregates of small green prisms. Larger prisms 
lack the radial arrangement and have beautiful lustrous greenish- 
black prism faces. Some reach 4 inches in length. The most 
perfect crystals can be collected from the talc, the interstitial 
biotite and chlorite which had been unreplaced by actinolite having 
been altered to talc. Except for some curvature of a few of the 
long actinolite prisms the actinolite shows no relation to the 
schistosity or effect of stress during formation. 

The tale in the Dodge quarry is of two kinds; flake talc, which 
occurs in greenish-white masses, and fibrous talc, much of which 
at least is pseudomorphous after the actinolite. The flake talc 
contains residual chlorite, biotite and actinolite. Fibrous talc 
usually occurs disseminated in flake talc. The optical angle of 
the flake talc is smaller than 10 degrees. 

The fibrous tale is elongated parallel to Z, most of the fibers 
are somewhat tabular parallel to Y. The optical constants are: 


¥ = 1.988 + 008, 2V = 22° 25’ in one specimen 
B = 1.580 + .003, although the angle varies. 
@ = 1.546 +-.603, 


The occurrence of two kinds of talc differing principally in the 
habit and size of the optic angle is interesting since the same ob- 
servation was made by Smyth * on his study of the talc deposits 
of the Gouverneur, New York, district. 

The so-called “ grit,” which is a mixture of tale and dolomite, 
is abundant in the talc zone. Where this is “ sparry ” the dolo- 
mite occurs in coarse white crystalline masses with well-developed 
rhombohedral cleavage faces. Finer crystalline masses have a 
blue-gray color and resemble limestone. The dolomite contains 
some ferrous carbonate, since the value of the omega index of 
refraction is 1.720, and the mineral weathers brown. 


20 Smyth, C. H., Jr., “ The Genesis of the Tale Deposits of St. Lawrence Co., 
New York,” Sch. of Mines Quart., vol. 17, p. 337, 1896. 
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In the Carlton quarry the comparative age of the talc and the 
dolomite is difficult to determine, and the two minerals are con- 
sidered to have formed nearly contemporaneously. The dolo- 
mite and the tale are unreplaced by any mineral other than mag- 
netite and pyrrhotite. In a rock which has obviously been sub- 
jected to such severe metamorphosing conditions, the absence of 
silicates from the dolomite can only be construed as meaning that 
the dolomite was not present during the actinolite stage of min- 
eral formation. Since the talc is later also than the actinolite the 
time of tale and dolomite formation was near the end of the 
sequence. 

Magnetite is abundant in the tale rock of the Carlton quarry. 
A handful of small octahedrons can be quickly collected from im- 
pure material thrown out on the dump. The mineral is absent or 





Fic. 2. Pyrrhotite and magnetite replacing tale. Carlton Quarry, 
Chester, Vermont. Plane polarized light. 40. 


rare in the chlorite black wall. The late age of the mineral is 
clearly demonstrated in a thin section, of which Fig. 2 is a 
photograph, 

Pyrrhotite is also common in the tale rock, and occurs associ- 
ated with all of the other minerals of the lens. Its late age is also 
shown in Fig. 2, and the relations of pyrrhotite to magnetite 
where the two minerals are in contact indicate that the pyrrhotite 
is the later of the two,.as is common in most associations of the 
two minerals.” 


21 Lindgren, Waldemar, “ Mineral Deposits,” p. 718, 1919. 
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This sequence of mineral formation is typical of a contact 
metamorphic deposit ** in which silicates formed first, followed 
by magnetite, and then pyrrhotite. The only mineral that may 
at first seem out of place is chlorite, but the writer observed that 
chlorite formed before magnetite and pyrrhotite in zones of con- 
tact metamorphism around granodiorites in the Pend Oreille dis- 
trict, Idaho.** 


Talc and Verde Antique Quarry, Stockbridge, Windsor County. 


Location.—The Greeley mine is an abandoned tale and verde 
antique quarry in a mass of serpentine on the south side of the 
White River, west of Stockbridge. The quarry is located on the 
steep valley side rising from the river flat, with the talc pits at 
the base of the slope, and the building stone quarry at a higher 
elevation. No talc has been produced here for a long time, and 
the verde antique quarry has been idle for several years. 

General Geological Features——An altered basic igneous intru- 
sion now entirely altered to serpentine is found in contact with a 
quartz-muscovite-chlorite schist. The boundary of the intrusion 
was not determined and would be difficult to trace owing to the 
heavy underbrush. The approximate contact is crossed by the 
inclined railway leading up to the verde antique quarry. The 
green serpentine is abundantly veined with a white dolomite with 
a pearly luster which weathers brown. Masses or “dikes” of 
chlorite occur in the serpentine and in these magnetite octahedra 
are abundant. Masses of actinolite also occur in the serpentine. 
The talc occurs irregularly in the serpentine, forming one large 
mass consisting mostly of grit in which the pits were made, but 
talc is also common in veins with dolomite in the verde antique 
quarry, and disseminated in microscopic amounts in the massive 
serpentine itself. 

Peculiar fibrous growths of dolomite, pseudomorphous after 
veins of chrysotile asbestos were noted. Chalcopyrite is said to 

22 Idem, pp. 718-719. 

23 To be described in a bulletin of the U. S. Geological Survey in press. 


18 
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have been found in the talc lens, in places as large as one’s fist.™ 

Description of Rocks and Minerals—Stockbridge township ad- 
joins Bethel township on the southwest. The geology of the 
latter has been studied by Richardson *® and since the trend of 
the formations in the western part of the township is from north- 
east to southwest, the same formations should probably be found 
in the northern part of Stockbridge township. 

The “ sericite’’ schist of the Missisquoi Group (Upper Cam- 
brian) was studied just north of the town of Gaysville, along the 
auto road which runs on the east side of the White River. There 
the strike of the schistosity is N. 8° W. and the dip 36° E. The 
rock is a quartz-muscovite schist, but contains numerous lenses of 
calcite. A considerable number of minerals occur which in the 
order of their abundance are quartz, muscovite, chlorite, calcite, 
epidote, tourmaline, orthoclase, zircon, magnetite, pyrite, and 
apatite. The white mica is probably correctly called muscovite, 
and not sericite, as it occurs in large flakes, and has an optic axial 
angle of about 40 degrees. The chlorite is optically positive, with 
strong pleochroism, and a mean index of refraction of about 
1.625. The biotite has a gamma index of refraction of about 
1.630, with an axial angle near zero. The epidote varies in dif- 
ferent bands. One variety, probably better called clinozoisite is 
optically positive, with weak birefringence and with an optic angle 
of 60 degrees, and a beta index of refraction of 1.72. Another 
variety is typical epidote with strong birefringence, and a large 
optic angle. 

The schist country rock in contact with the serpentine at the 
Greeley mine is in the line of strike with the formation called by 
Richardson the Bethel schist and described as a “ hydromica 
schist” °° of Lower Cambrian age. The rock at the Greeley mine 
is a quartz-muscovite-chlorite schist, similar to that north of 
Gaysville, except that the chlorite is more abundant and biotite 

24 Jacobs, E. C., “ Tale and the Talc Deposits of Vermont,” Rept. Vermont 
State Geologist, 1913-14, p.'413, 1914. 

25 Richardson, C. H., “ The Terranes of Bethel, Vermont,” Rept. Vermont State 


Geologist, 1923-24, pp. 77-103, 1924. 
26 Hydromica is a synonym of muscovite. 
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and tourmaline were not recognized. The variety of chlorite is 
almost the same, having an alpha index of 1.627 and a gamma 
index of 1.630 and a positive optic sign. A number of the epi- 
dote grains contain cores of allanite, a mineral probably not 
common in schists. The magnetite is abundant in large grains. 

The serpentine, except for some chrysotile veins, consists of a 
single member of the serpentine group of minerals, a variety near 
antigorite. Its optical properties are: birefringence weak, giv- 
ing faint anomalous colors between crossed nicols, a mean index 
of about 1.570, 2V small, character negative. It occurs as a mesh 
of interlocking flakes. The rock is not at all schistose. 

A considerable amount of magnetite occurs in the rock as small 
subhedral grains commonly sharply triangular in section forming 
wedges between antigorite flakes. Dolomite occurs not only as 
veins, but as disseminated grains in the mass of the rock. The 
omega index is 1.715, indicating the presence of some iron car- 
bonate. ‘Tiny flakes of tale occur in the verde antique away from 
any masses of talc visible to the naked eye. The relation of talc 
to magnetite can not be determined since the tale flakes form 
pseudomorphs of antigorite flakes. Thus the boundary relations 
of talc and magnetite are simply those of serpentine and mag- 
netite. More than half of the magnetite grains, or aggregates of 
grains are associated, however, with talc, possibly indicating 
genetic connection between the talc and the magnetite. Pyrite 
not uncommon in the serpentine. 

The actinolite which forms replacement masses in the serpen- 
tine has the properties common to that mineral. The chlorite 
which forms masses thought by Jacobs * to represent altered dikes 
cutting the serpentine is optically positive, with strong pleochro- 
ism, and indices of 1.608 and 1.613. The optic angle is near 
zero. This chlorite rock contains disseminated grains of quartz, 
and of titanite. The grains of the latter, although not seen in 
thin section were collected in the heavy fraction of a mineral 
separation. No remnants of possible original magmatic minerals 


27 Jacobs, E. C., “Tale and the Talc Deposits of Vermont,” Rept. Vermont 
State Geologist, 1913-1914, p. 410, 1914. 
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occur. The author considers this chlorite rock to be a portion of 
the serpentine altered by pneumatolytic or hydrothermal solu- 
tions, rather than an altered basic dike intrusive into the original 
igneous intrusion. The variety of chlorite present is similar to 
that in the blackwall of talc lenses in schists, and quartz and 
titanite are associated with the blackwall chlorite. 

The tale occurs as a replacement mineral in the serpentine, the 
chlorite and in the actinolite. The later age of the talc is indi- 
cated in every specimen. As in the deposit at Chester the actino- 
lite was more resistant to alteration to talc than the associated 
minerals, and many unaltered grains of actinolite are found in a 
talc matrix. Talc pseudomorphs of actinolite are, however, very 
common on the dump of the quarry. 

Summary of the Evidence of the Origin of the Talc_—The 
Greeley tale deposit indicates that the talc was a late mineral in a 
pneumatolytic or hydrothermal attack on one of the serpentine 
masses of Vermont. The non-schistose character of the serpen- 
tine indicates that dynamic metamorphism played no part in the 
talc formation. The mineral association is similar to tale de- 
posits in schistose rocks indicating that the solutions which there 
formed talc were similar. 


Williams Mine, Rochester Township, Orange County. 


Location.—The Williams mine, the largest talc mine in Ver- 
mont, is located about four miles northeast of Rochester village, 
on the west slope of Rochester mountain, and about five hundred 
yards south of a low hill known as Cushman’s hill, composed of 
serpentine. The Williams deposit is only one of a series of lenses, 
extending north and south for about two miles. This district 
contains more tale than any other so far discovered in the state. 

General Geological Features—The country rock is a contorted 
siliceous gneiss or schist containing essentially quartz, mica and 
chlorite. The talc lens is about 300 feet long and has a maxi- 
mum width of 60 feet. Five levels have been driven from an 
inclined shaft, but only three are being kept unwatered. The 
lens consists of a large central core of grit that grades on the 
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border to a zone of pure tale. The latter is bounded by a chlorite 
schist, known as blackwall, which is said to merge gradually into 
the country rock. Horses of the latter occur in the talc lens, as 
do others of the blackwall. The relation of the pure talc to the 
chlorite schist of the blackwall was well shown in a cross-cut on 
the third level. Figure 3 is a copy of a field notebook sketch. 
The replacement of the chlorite by tale is clearly demonstrated. 


Yj 
» 


CHLORITE 
BLACKWALL 





i SFr 


Ny 
~ j 
Wi. 
Fic. 3. Relation of talc to blackwall, third level, Williams talc mine. 


Actinolite occurs in certain parts of the Williams mine, in lenses 
or pods. The largest of these, on the fifth level, was under water 
at the time of the author’s visit in 1925. Actinolite is rare, or 
absent through most of the tale zone. 

The serpentine of Cushman’s hill forms a lenticular mass which 
seems to have no connection with the tale deposit at the Williams 
mine, although talc occurs in it associated with dolomite in chlorite 
masses similar to those noted in the Greeley deposit. Jacobs ** 
considers these to have been dikes. However, the talc and dolo- 
mite stringers are confined to them, and the variety of chlorite 
of which they consist is identical in optical properties with that 
in the blackwall of the Williams talc mine. This indicates rather 
that they represent zones of alteration by the solutions which at 
one stage formed chlorite and at a later time, tale. The process 
of talc formation in country rock, and in the adjacent serpentine 
must have been contemporaneous since the minerals formed were 
the same, and the paragenesis is similar. 


28 Jacobs, E. C., “ Tale and the Tale Deposits of Vermont,” Rept. Vermont 
State Geologist, 1913-1914, p. 410, 1914. 
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Description of the Rocks and Minerals.—The country rock is 
a black and white laminated gneiss or schist in which the black 
pands are due to segregations of biotite and chlorite. Quartz 
is the most abundant mineral. The principal chlorite present in 
the rock near the Williams mine is an unusual variety because of 
the moderate birefringence and slight pleochroism. The prop- 
erties are as follows: 


a= 1.615 + .003 2V nearly o Z gives a very light olive 
green color. 
y = 1.630 + .003 Optically negative X is colorless. 


The mineral occurs in fine shreds or plates, oriented parallel to 
the schistosity of the rock. It did not form from the biotite 
present. Intergrown with the chlorite is some muscovite which 
is distinguished from tale which is entirely absent, even from 
horses in the talc zone, by its optic angle of 40 degrees. Nu- 
merous minute acicular grains of a light green mineral giving 
parallel extinction occur in the chlorite. They are probably an 
amphibole. A small amount of albite is present. Magnetite is 
absent, but a little pyrrhotite occurs in a horse from the talc lens. 

The biotite occurs as metacrysts commonly oriented without 
regard to the schistosity. The grains, which are brown in sec- 
tion, contain numerous pleochroic halos, probably due to sub- 
microscopic zircon inclusions. The indices are: alpha = 1.605 
+ .003 and beta and gamma = 1.660 + .003. The biotite is 
slightly altered to a variety of chlorite different from that which 
is one of the principal constituents of the rock. This chlorite has 
strong pleochroism and very weak birefringence giving anomalous 
colors between crossed nicols. 

A bed of the country rock, a half mile west from the mine, 
contains quartz, albite, an intergrowth of chlorite and muscovite, 
ilmenite, apatite and zircon. The chlorite has weak pleochroism, 
extremely weak birefringence and an index of refraction about 
1.620. 

This gneiss is very similar mineralogically to that forming the 
country rock at Chester. 
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The blackwall at the Williams mine consists of nearly pure 
schistose chlorite. In thin section the chlorite flakes are seen to 
have a random orientation indicating that the schistosity is prob- 
ably in part a pseudomorphic texture after the schist so com- 
pletely replaced by the chlorite. The mineral has the following 
properties : 


a = 1.600 + .003 2V nearly zero Pleochroism weak, with 
y = 1.605 + .003 Optically positive X = giving a pale green 
tint and Z, none. 


These properties are duplicated by the chlorite in nearly every 
blackwall examined, giving positive evidence that the chlorite is 
the result of a special type of solutions, coming from some com- 
mon, abyssal source. 

The talc, and the grit taken from random places inside of the 
talc lens contain residual masses of this chlorite indicating that 
the material now called blackwall once filled the entire lens. 





Fic. 4. Magnetite and pyrrhotite in grit (talc and dolomite) at the 
Williams mine, near Rochester, Vermont. Plane polarized light. >< 40. 


Pyrrhotite and magnetite are disseminated through the talc 
rock, and are readily concentrated from the ground material 
(Fig. 4). 

The serpentine of Cushman’s hill consists of one or two mem- 
bers of the serpentine group, near antigorite in optical properties, 
and forming a very fine mesh of interlocking flakes. One species 
has indices of 1.562 and 1.576, a small optic angle, a negative 
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sign, and a moderate dispersion of the optic axes. It is inter- 
grown with other flakes giving low interference colors, and having 
indices of about 1.570 and 1.573. These may simply be flakes 
of the first species differently oriented, but are more probably 
flakes of another variety of serpentine. No other mineral occurs 
in a noticeable amount, magnetite being nearly absent. 

The properties of the chlorite in the “ dikes” nearly duplicate 
those of the blackwall chlorite of the Williams mine, although the 
pleochroism is a little stronger. Magnetite and ilmenite are 
abundant in the dikes, and that member of the apatite group 
known as wilkeite occurs. 


Verde Antique Quarry at North Hollow, Rochester, 
Orange County. 


Location.—The Vermont Marble Company is operating a verde 
antique quarry in Rochester township, about two miles west of 
the village. It is reached by following the road to Brandon from 
Rochester village for a mile and a half, and turning north up the 
first country road. 

Description of the Rocks and Minerals—The serpentine when 
polished is a beautiful deep green stone, intricately cut by white 
dolomite veinlets. One specimen of the rock is made of a single 
member of the serpentine group, a mineral having the following 
optical properties : 


a= 1.567 2V small Gives strong Berlin Blue anoma- 
lous interference colors. 

y = 1.570 Optically negative Pleochroism weak, green to yel- 
lowish-brown. 


In common with the other occurrences of serpentine the min- 
eral has a hardness of 4, which serves to readily distinguish it 
from the much softer chlorite. Magnetite is nearly absent. 

A specimen from another part of the same quarry also contains 
but a single variety of serpentine, but its properties are a little 
different than those of the variety in the other thin section in that 
the birefringence is about .008, and pleochroism is absent. In 
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this section magnetite occurs disseminated as minute anhedrons, 
usually occurring in clusters. 

No suggestion is shown of the original texture of the rock 
before serpentinization. The majority of the flakes are minute, 
but veins and patches occur in which the same serpentine is found 
in larger crystals. 

Tale is rather abundant in the serpentine, and in the thin sec- 
tion talc aggregates were developed in rhomb-shaped masses 
(Fig. 5), strongly pointing to a derivation by replacement of 





Fic. 5 (left). Talc pseudomorphs after rhombs of dolomite in ser- 
pentine. Verde Antique quarry at North Hollow, near Rochester, Ver- 
mont. Crossed nicols. XX 25. 

Fic. 6 (right). Talc pseudomorphs after prisms of actinolite, in ser- 
pentine. Verde Antique quarry at North Hollow, near Rochester, N. Y. 
Crossed nicols. XX 25. 


dolomite. Other acicular grains of talc, much elongated parallel 
to gamma, have an optic angle of about 25 degrees, whereas the 
optic angle of the flake tale is near zero. As was noted in the 
Chester deposit, this habit, and optic angle indicates that these 
grains are pseudomorphs of actinolite (see Fig. 6). Actinolite 
itself was not found in this deposit. 

On the surface east of the quarry, and toward the road, the 
serpentine is much replaced by tale. Exposures are poor but 
most of the tale is developed in vein-like masses. Some grit oc- 
curs in which the tale is evidently a later product than the dolo- 
mite, and replaces both dolomite and chlorite. 








268 JOSEPH L. GILLSON. 


Considerable magnetite is present, in the grit, but some of it 
at least is earlier than the talc, as shown by broken crystals ce- 
mented by tale. Pyrrhotite occurs but no positive evidence could 
be found to show whether it had formed before or after the tale. 
Its absence from the main serpentine mass implies definitely that 
it is connected with the period of tale formation. 

Summary of Evidence Obtained at North Hollow.—A_ non- 
schistose serpentine mass occurs in which actinolite, chlorite, dolo- 
mite, and then tale formed in random places in the mass. Mag- 
netite had formed during the process of serpentinization. 
Whether or not a later stage of magnetite formation occurred is 
not certain. Pyrrhotite formed at about the same time as the 
talc, or later. 





Tale Prospect at Hammondsville, Reading Township, 
Windsor County. 


A small abandoned tale prospect occurs in Hammondsville 
across the little creek from the village. No talc has apparently 
been shipped from there. No serpentine is present. The talc is 
clearly a replacement of the country rock, and is associated with 
a carbonate that was found to be nearly pure siderite. Mag- 
netite is abundant in the tale rock. Chlorite was present, but is 
nearly entirely replaced by tale. A few residuals of actinolite 
were found. Thus even in a very small talc occurrence, the same 
minerals occur, and the same process is indicated, as in the larger 
deposits. 


Tale Deposit in Southwest Corner of Moretown Township, 
Washington County. 


Location.—The farm of J. C. Bisbee fronts on the Waitsfield- 
Moretown road, immediately south of its junction with the road 
from South Duxbury. The Central Vermont Talc Mines are 
now working a large talc deposit found in the rear of Mr. Bis- 
bee’s farm. 

General Geological Features——The tale zone lies in the folia- 
tion of the country rock, a quartz-feldspar-mica schist, and is said 
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to be traceable for about a mile. An open cut (Fig. 7) about 
150 feet long and 30 feet wide was driven into the tale zone until 
a nearly barren mass of serpentine was encountered. Near this 
point the tale zone widened out along a cross fault, and then 
turned northwest across the schistosity, parallel to the serpentine- 
schist contact. Beyond the serpentine plug the talc is said to con- 
tinue in the normal direction of the schistosity. 
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Fic. 7. Talc mine, Central Vermont Talc Company, Moretown, 
Vermont. 


The cross fault probably accompanied the intrusion of the basic 
igneous rock, later turned to serpentine. The gouge of the fault 
is made of a chlorite of different properties than that in the 
blackwall, but it had been readily replaced by talc, and the drag 
of the fault is well preserved in the talc as a pseudomorphous 
structure. 

Description of the Rocks and Minerals.—The serpentine occurs 
as a mass of unknown size, which cuts off the continuity of the 
tale zone like a horse in a vein. It is not at all schistose, being 
made up of a fine mesh of interlocking flakes of random orienta- 
tion. Some cross fiber veins of serpentine cut the more massive 
rock. 

The massive variety has the following properties: 


a4 = 1.572 + .003 2V moderate Slightly pleochroic in 
y = 1.576 + .003 Optically negative green tints. 
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Some of the serpentine in the cross fiber veins has weak bire- 
fringence, and index of refraction of about 1.570, and gives 
parallel extinction. Other grains in the veins have a birefrin- 
gence of about .o12. 

Magnetite is rare in the serpentine. Talc is of rather common 
occurrence, but none of the serpentine is sufficiently replaced to 
make ore. Dolomite is abundant. Where it occurs in the veins 
it forms long acicular aggregates parallel to the fibers. 

The country rock was not studied microscopically. It re- 
sembles in the field the same formation as found about three miles 
farther north, and about on the line of strike, at the deposit of 
the Eastern Magnesia Tale Company, which will be next de- 
scribed. 

The blackwall is a dark gray, chlorite schist similar in appear- 
ance to the country rock. The strike of the schistosity is N. 9° 
E., dip 80° E. The rock consists almost entirely of chlorite, but 
contains a little quartz, and titanite is widely disseminated in 
small grains. The chlorite has the following optical properties. 


a = 1.600-1.604 + .003 Optically positive, 

y = 1.604-1.608 + .003 2V nearly zero. 
Slightly pleochroic, in shades of green 
with X > Z. Faint anomalous inter- 
ference colors are shown. 


The chlorite occurs as a mesh of finely divided flakes of random 
orientation, the apparent schistosity of the rock being a pseudo- 
morphic structure, probably aided by movement accompanying 
volume changes in the blackwall formation. 

Actinolite occurs in the blackwall near the tale zone. It 
may have formed later than the chlorite although it is more prob- 
able that the actinolite formed in biotite which the chlorite has 
completely replaced. The prisms of actinolite are oriented with- 
out regard to the schistosity. The mineral is non-pleochroic, the 
extinction angle is 13 degrees, the alpha index 1.617 + .003, and 
the gamma index 1.640 +.003. Another amphibole, white in 
color, and fibrous in habit was found in the center of the talc zone. 
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Its maximum and minimum indices of refraction are 1.635 
+ .003 and 1.618+ .003. It has parallel extinction, and posi- 
tive elongation. The optic sign was not determined. Both 
amphiboles are partly replaced by talc. 

The main talc zone has retained the structure of the blackwall, 
and residual grains of the blackwall chlorite can readily be found 
in the tale. Dolomite is widely distributed, but is nowhere 
abundant in large masses. At this deposit it is nearly free from 
iron, having an omega index of refraction of 1.680 + .003. 
Magnetite and pyrrhotite are also widely distributed, many of the 
grains being large enough to be seen with the naked eye. In one 
part of the tale zone hematite was found instead of magnetite. 


Waterbury Mine of the Eastern Magnesia Tale Company. 


Location.—The Eastern Magnesia Tale Company is working 
a large deposit in the northwest corner of Moretown township, 
two miles southeast of Waterbury. The portal of the lower 
tunnel is about a hundred yards south of the Winooski River. 

General Geology.—The tale deposit is an irregular band in the 
schist country rock along its contact with a serpentine mass. The 
talc zone varies from eight to thirty feet in width, and has a steep 
dip. The deposit has been developed for about a thousand feet 
along the strike of the schistosity of the country rock. Serpen- 
tine forms the east wall of the tale for part of its course but on 
the west is blackwall, which grades into the schist. Cobblestones 
of serpentine occur in the talc zone. Although the tale rock con- 
tains much disseminated dolomite, little true grit is found in the 
deposit. 

Description of the Rocks and Minerals——The country rock is 
a feldspar-biotite-chlorite schist carrying tourmaline, zircon, apa- 
tite, titanite and apatite. The feldspar is albite-oligoclase, only 
a few grains of which exhibit twinning lamelle. The biotite is 
probably rich in titanium for it has the extreme indices of refrac- 
tion, red brown color and strong dispersion found by C. S. Ross * 


29 Ross, Clarence S., Private communication. 
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to be characteristic of biotite containing a considerable amount of 
that element. The optical data so far as could be determined are: 


yY = 1.750 + .o10 2V = 18° 

= 2 Dispersion strong 

Pleochroic halos around minute zircon grains are abundant in 
the biotite and these are preserved in the chlorite derived from 
the biotite. This chlorite is thuringite with indices of 1.642 and 
1.645. The optical character is negative, the optic angle zero, 
and the pleochroism strong in shades of green. Anomalous bire- 
fringence colors are seen between crossed nicols. Garnet (index 
1.80 + .003), tourmaline (indices 1.630+.003 and _ 1.660 
+ .003), and magnetite occur in the feldspar. The titanite and 
apatite are confined to the biotite. 

The serpentine is readily distinguished from chloritic rocks by 
its greater hardness. Only one variety of the serpentine group 
of minerals occurs, the optical properties of which are as follows: 


= 1.560 + .003 2V == 35" 
1.575 


Anomalous interference colors are exhibited by grains near the 
extinction positions. The pleochroic formula is: 


X = colorless 
Z = pale green 


The serpentine rock is a mass of interlocking flakes and is en- 
tirely devoid of schistosity. 

The alteration of the country rock to blackwall forms a most 
interesting example of the kind of rock alteration that took place 
in the early stages of the formation of the mineral sequence which 
closed with talc, magnetite, and pyrrhotite. Quartz took the 
place of the feldspar, and the biotite, garnet, tourmaline, apatite 
and zircon were entirely eliminated. The thuringite tended to 
persist, and residuals of it are found in the talc rock itself. Most 
of the thuringite, however, was made over into the typical black- 
wall chlorite, which is readily distinguished from thuringite by 
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being optically positive, and by its lower indices of refraction and 
stronger birefringence. The alteration of the thuringite to black- 
wall chlorite, poorer in iron, was not accomplished directly. A 
variety of colorless mica formed accompanied by the separation 
of abundant disseminated magnetite grains. The mica has maxi- 
mum and minimum indices of 1.590 and 1.560, and an optic 
angle of 38 degrees. 

Masses of nearly pure blackwall chlorite, free from quartz and 
mica were found, indicating that prior to the tale formation, the 
chlorite stage was carried to completion, at least locally. 

Evidence of movement of the blackwall is shown by numerous 
small irregular slickensided surfaces, coated with finely divided 
magnetite and probably with graphite. 

The talc rock has a pseudomorphous schistose structure but 
consists of finely divided talc flakes of random orientation, with 
blackwall chlorite and a little thuringite as residual grains. Dolo- 
mite (omega index of 1.690), magnetite and pyrrhotite are widely 
disseminated. 

Formation of Talc in this Deposit—The Waterbury deposit is 
another example of the association of tale with serpentine masses, 
and gives clear evidence that the talc formation followed the ser- 
pentinization of a non-schistose igneous intrusion. The presence 
of serpentine “ cobblestones ” in the talc, and the partial replace- 
ment of them by talc indicates that some of the talc in the deposit 
is a replacement of the serpentine and not of the schist. Jacobs * 
considered that all of the tale in this deposit was so formed, 
stating : 

The tale of the Roxbury deposits and of the Moretown deposit must be 
considered as having been derived from the antigorite of the serpentine 


intrusion, as has been shown. No other theory is permissible, for the 
evidence is clear and unmistakable. 


Jacobs failed to recognize that the blackwall is simply a stage 
in the alteration of the country rock to talc. The alteration began 
here with the introduction of a small amount of quartz, the elimi- 


30 Jacobs, E. C., “ The Talc and Verde Antique Deposits of Vermont,” Rept. 
Vermont State Geologist, 1915-16, p. 269, 1916. 
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nation of all the minerals but thuringite, and the nearly complete 
replacement of it with the blackwall variety of chlorite, although 
here an intermediate step in the formation of the blackwall chlo- 
rite formed a colorless mica, and disseminated magnetite. From 
the blackwall stage the talc formation followed the usual course, 
forming talc, dolomite, magnetite and pyrrhotite, leaving some 
residuals of blackwall chlorite, thuringite, and a pseudomorphic 
structure after the schist to tell the story of its development. 


DISCUSSION OF THE ORIGIN OF THE VERMONT TALC. 


The evidence for the origin of the Vermont tale deposits af- 
forded by the study of the rocks in the localities above described 
may be summarized as follows: 


1. The tale occurs in serpentine rocks, and in a quartz-musco- 
vite-chlorite schist, and in a quartz-mica-amphibole gneiss, in a 
north-south belt extending at least from Broughton, Quebec, to 
Blanford, Mass. 

2. The talc formed in the serpentine rocks, after the process of 
serpentinization was complete. The serpentine rocks are not 
schistose. 

3. The tale replaced the serpentine either directly, or with an 
intermediate stage of chlorite formation. It is always associated 
with a dolomite, and usually with actinolite. 

4. The tale never replaced the siliceous schists or gneisses di- 
rectly, but the tale formation was preceded by an alteration of the 
country rock to a chlorite and an amphibole. The talc is always 
associated with a dolomite. 

5. The steps in the alteration of the country rock to an amphi- 
bole and a chlorite and the replacement of these minerals by talc, 
dolomite, with magnetite and pyrrhotite are fairly well indicated. 
The sequence of mineral formation was: tourmaline, quartz, 
biotite, apatite, amphibole, chlorite, titanite, dolomite, talc, mag- 
netite, and pyrrhotite. In all of the deposits except that at 
Chester, no silicate mineral earlier than the amphibole is preserved. 
Very probably biotite formed in all, but no record of it remains. 
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The alteration of the country rock seems to have begun with 
quartz, amphibole, and chlorite. 

6. The steps in the alteration of serpentine indicate about the 
same order of mineral formation, but fewer species are repre- 
sented. 

7. The random orientation of all of the minerals in the talc 
lenses indicates that dynamic metamorphism did not assist in the 
process of tale formation. 


The minerals associated with the tale are characteristic of con- 
tact metamorphic deposits. The author, therefore, considers that 
the Vermont tale lenses are a kind of contact metamorphic de- 
posit, formed by hot alkaline solutions, low in silica, and toward 
the last rich in magnesia and carbon dioxide, which were given 
off by a large igneous body which extended at least from Central 
Massachusetts to Quebec at a time soon after the intrusion and 
serpentinization of the exposed plugs of basic igneous rock. 

This large igneous body may have been the reservoir of basic 
magina from which the plugs were given off. On the other hand 
it may have been granite, of which the basic plugs were a differ- 
entiate early intruded according to the usual magmatic sequence, 
illustrated by the rocks of Skye.** The exposed granites of Ver- 
mont indicate that in depth a large granite reservoir must have 
existed in the Devonian or Carboniferous times. 

Although it seems at first more probable that solutions very rich 
in magnesia should have come from a basic magma, a number of 
examples of the association or probable association of tale with 
granitic rocks are known, of which those at Gouverneur, New 
York; Broughton, Quebec; and at Easton and West Chester, 
Penn., and in Uruguay will be described below. The North 
Carolina and Georgia occurrences of talc in the Murphy marble 
are probably connected with granite intrusions. In California 
tale is associated with diorite. 

The only evidence in Vermont that may indicate that a granitic 
rather than a basic magma gave off the solutions which formed 

81 Harker, Alfred, “ The Tertiary Igneous Rocks of Skye,” Memoir, 
Geol. Surv. of the United Kingdom, p. 421, 1904. 

19 
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the talc, is the prior serpentinization of the basic plugs. Gra- 
ham * holds that the process of serpentinization in the Thetford 
district of Quebec was caused by solutions given off by aplite 
dikes intrusive into the peridotite. If the serpentinization of the 
Vermont plugs was also caused by solutions from granite, the 
later talc presumably was also formed by granitic emanations. 

In order to reach some general conclusions on the origin of 
talc, a review of a number of occurrences will be given. 


A REVIEW OF OTHER TALC DEPOSITS. 


Massachusetts Deposits —Very little is published about the 
occurrence of talc in Massachusetts, in fact the only description 
of the single deposit that ever seems to have been worked, that in 
the town of Rowe, near Zoar, in Franklin County, is a brief 
mention by Diller.** Emerson “ briefly describes the steatite de- 
posits in Worcester County. The original rock was an olivine 
gabbro altered to a fibrous amphibole, called by him kokscharof- 
fite,“° which was then partly altered to talc. 

Soapstone, used by the Indians for pipestone, and cooking ves- 
sels, occurs in Wilbraham, ten miles east of Springfield. Rem- 
nants *° of olivine and pyroxene occur in the rock. 

On the geologic map of Massachusetts, Emerson shows the 
Chester amphibolite, as following a sinuous, but generally north- 
south course from West Granville, nearly on the Connecticut line 
to the Vermont line. At a number of points a red color is used 
on the map to indicate ‘‘ serpentine and steatite.” The author has 
not visited any of these localities, but two specimens of talc-bear- 
ing rock in the petrographic collection at the Massachusetts Insti- 
tute of Technology are labelled Blanford, and Rowe. 

32 Graham, George, “ Origin of the Quebec Asbestos Deposits,” Econ. GEoL., 
vol. 12, pp. 174-182, 1917. 

83 Diller, J. S., “ Mineral Resources of the United States, 1912,” Pt. IL., p. 
1149, 1913. 

34 Emerson, B. K., “Geology of Massachusetts and Rhode Island,” U. S. Geol. 
Surv. Bull. 597, pp. 214-215, 1917. 

35 An aluminum-rich amphibole similar to edenite. Dana, E. S., “A System 
of Mineralogy,” p. 392, 1892. 

36 Emerson, B. K., Joc. cit., p. 217. 
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Presumably the specimen labelled Blanford came from the de- 
posit about two miles south of Blanford village, near Pebble 
Brook. The minerals present in the order of their formation 
are amphibole, chlorite, titanite, talc and magnetite. 

The amphibole is orthorhombic, colorless and non-pleochroic, 
with maximum and minimum indices of 1.633 and 1.615. The 
optic angle is very large, the sign probably positive, the elongation 
positive. This is the same amphibole as found in the deposit of 
the Central Vermont Talc Company in the southwest corner of 
Moretown township. It differs in indices of refraction consider- 
ably from either of the common orthorhombic amphiboles, antho- 
phyllite and gedrite, and no name is given to it. The chlorite is 
weakly pleochroic, alpha being green and gamma yellow. The 
optic angle is about forty degrees, the sign is positive, and the 
maximum and minimum indices are 1.595 and 1.610. Except 
for the birefringence, the properties are not dissimilar from the 
blackwall chlorite of the Vermont deposits. The tale is very 
finely divided, forming a mass of interlocking flakes having most 
random orientations. 

The specimen from Rowe presumably came from the deposit 
between the villages of Rowe and Monroe Bridge. It consists al- 
most entirely of talc, but contains scattered residual grains of a 
chlorite, having just the properties of the blackwall chlorite of 
the Vermont deposits. A little magnetite and rutile are present. 

The presence of the blackwall chlorite in a deposit fifty miles 
south of the most southerly Vermont deposit examined is surely 
more than a coincidence. This particular variety of chlorite is 
thus characteristic of this belt of tale deposits. 

The association of tale with serpentine at Russell, Mass. is 
mentioned by Foshag and Wherry.** The mineral occurs in ser- 
pentine and contains inclusions of magnetite. 

Quebec Deposits—Dresser** states that steatite as well as 
purer forms of talc occur in numerous places in the townships of 

37 Foshag, W. F., and Wherry, E. T., “ Notes on the Composition of Talc,” 
Amer. Mineralogist, vol. 7, p. 168, 1922. 

38 Dresser, J. A., “ Preliminary Report on the Serpentine and Associated Rocks 
of Southern Quebec,’ Canada Dept. Mines, Geol. Surv. Mem. 22, p. 96, 1913 
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East Broughton and Ireland. It is an altered form of pyroxenite, 
and in some places shows distinct pseudomorphs of steatite after 
pyroxene. 

New York State Deposits—The talc deposits of St. Lawrence 
County were formerly the most important in the United States. 
The deposits were first described by Smyth * and more recently 
by Cushing and Newland.*® The tale occurs in lenticular and 
sheetlike bodies within the Grenville limestone parallel to and near 
a gneiss contact. The tale-bearing band was an impure bed in 
the limestone which upon metamorphism was changed to a tremo- 
lite rock, carrying some enstatite. Further alteration changed 
these minerals to tale. Outcrops of the porphyritic granite, in- 
trusive into the Grenville, are near by, and the tremolite and 
enstatite, as well as phlogopite, graphite, diopside and scapolite, 
which are abundant in the limestone, are contact metamorphic 
minerals. 

Although Smyth“ was one of the first to describe contact 
metamorphism in the Adirondacks, he did not consider either the 
tremolite or the tale to be contact metamorphic minerals in his 
first report. 

Cushing and Newland did not discuss the origin of the talc. 
They * call attention, however, to the considerable role played by 
the porphyritic granite as a mineralizer, citing the contact min- 
erals formed from its action. They note a close physical relation 
between the tale and the zinc ores which Newland,** Smyth,** and 

39 Smyth, C. H., Jr., “ The Genesis of the Tale Deposits of St. Lawrence County, 
New York,” Sch. of Mines Quart., vol. 17, pp. 332-341, 1896. 

40 Cushing, H. P. and Newland, D. H., “ Geology of the Gouverneur Quad- 
rangle,” N. Y. State Museum Bull. 259, 1925. 

41 Smyth, C. H., Jr., “ Crystalline Limestones and Associated Rocks of the 
Northwestern Adirondack Region,” Bull. Geol. Soc. Am., vol. 6, pp. 263-284, 
1895. 

42 Cushing, H. P. and Newland, D. H., “Geology of the Gouverneur Quad- 


rangle,” N. Y. State Museum Bull. 259, p. 73, 1925. 


43 Newland, D. H., “ New Zine Mining District near Edwards, N. Y.,” Econ. 
GEOL., vol. 11, p. 623, 1916. 

44 Smyth, C. H., Jr., “ Genesis of the Zinc Ores of the Edwards District, St. 
Lawrence County, N. Y.,”” N. Y. State Museum Bull. 201, 1917. 
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Wade and Wandke ** consider of magmatic origin. Smyth * 
states in his later report on the zinc ores: 

The ore deposits are of high temperature type, with the sequence. 
anhydrous silicates, sulphides, hydrous silicates, or in more detail, (1) 
diopside, tremolite. (2) pyrite, (3) blende, (4) galena, (5) talc, (6) 
serpentine, controlled by decreasing temperature. 

He ** states further: 


In the Edwards deposits, as shown above, the blende is later than the 
typical contact metamorphic minerals (diopside, tremolite, etc.) formed 
at high temperature, and precedes the alteration products of these min- 
erals (talc, serpentine, etc.) which are formed at lower temperature in 
the later stages of contact metamorphism. 


Wade and Wandke * give the general order of the formation 
of minerals in the crystalline limestone as follcws: diopside, 
phlogopite, pyrite, magnetite, molybdenite, pyrrhotite, sphalerite, 
galena, chalcopyrite, talc, calcite, and serpentine. They say that 
talc stands intimately related to the pyrite and sphalerite in point 
of time of formation, all being minerals formed by emanations 
from the granite magma. 

Thus the tale in the New York deposits is known to have been 
a pneumotectic ** mineral, formed by hot solutions from a granite. 
Granting that the original limestone was a dolomite, there must 
have been considerable introduction of magnesia to form masses 
of nearly pure talc twenty feet in thickness, a thousand or more 
feet long, and extending to unknown depths as at the Balmat 
Mine. 

Talc Deposits of the Appalachian States—Tale and steatite 
occur in a number of localities from northeastern Pennsylvania, 
to Georgia. The steatite deposits are in altered basic igneous 
rocks of Archean age, but some pure tale occurs in limestone. 

45 Wade, W. R. and Wandke, Alfred, “ A Big Zinc Mine in New York State,” 
Eng. and Min. Jour.-Press, vol. 116, p. 96, 1923. 

46 Smyth, C. H., Jr., op. cit., p. 28. 

47 Idem, p. 30. 

48 Wade, W. R. and Wandke, Alfred, op. cit., p. 97. 


49 Graton, L. C. and McLaughlin, D. H., “ Further Remarks on the Ores of 
Engels, California,” Ecox. Grot., vol. 13, p. 85, 1918. 
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Although it is impossible to make a brief summary of all, several 
examples which are instructive will be cited. 

The deposits in the vicinity of Easton, Pennsylvania, have 
been described by F. B. Peck.”® 

Sixteen localities are known in a belt lying to the northward 
of the cities of Phillipsburg and Easton at which talc-bearing 
rocks occur. The quarries are all on beds of the same geologic 
horizon, a limestone-dolomite series in the pre-Cambrian. The 
rock is hard, compactly massive to very finely granular in texture 
and light green to white in color. It consists of serpentine, 
tremolite, talc and calcite. Phlogopite occurs at some places, and 
some of it had altered to serpentine and to tale. The phlogopite 
and tremolite in the dolomite horizon are due to the contact action 
of some pegmatite dikes that are found cutting the beds. Peck 
held that the alteration of these silicates to either serpentine or 
talc accompanied the tremendous dynamic metamorphism which 
later took place. 

A specimen of the rock from Chestnut Hill on the west side of 
Bushkill Creek, near Easton, was found in the Technology petro- 
graphic collection. The minerals in their apparent order of for- 
mation are: tremolite, calcite, serpentine and tale. The rock is 
not at all schistose and the serpentine and talc occur as a mesh of 
minute flakes of random orientation. 

Granting the formation of the tremolite to have been the result 
of contact metamorphism of limestone by the pegmatite dikes, it 
seems to the author very probable that the talc and serpentine are 
also connected with this same process, since their massive nature 
fails to show their connection to the intense dynamic metamor- 
phism. 

The anthophyllite-tale zones in the serpentine of Brinton’s 
quarry, West Chester, Pa., have been cited by Gordon ™ as ex- 
amples of desilication of granite pegmatites. 

50 Peck, F. B., “ The Tale Deposits of Phillipsburg, N. J., and Easton, Pa.,” N. 
J. Geol. Surv., Ann. Rept. ‘1904, pp. 163-185, 1905. 


51 Gordon, S. G., “ Desilicated Granite Pegmatites,’ Proc. Acad. Nat. Sci. of 
Phila., Pt. 1, 1921, pp. 176-180. 
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‘The author had the opportunity to visit the quarry in 1925. 
It seems more probable that the talc, chlorite and amphibole are 
minerals formed in the serpentine by hydrothermal solutions pre- 
sumably given off by the pegmatite at some time during the in- 
troduction of the pegmatite or in its later stages of albitization. 
Which ever interpretation is correct, there is an undoubted asso- 
ciation of tale with granitic pegmatite. 

These Pennsylvania occurrences thus show the constant asso- 
ciation of talc with amphibole, serpentine, chlorite, an absence of 
dynamic metamorphism, and a connection with granitic rocks. 

Tale and steatite occur in Maryland and Virginia but no de- 
tailed descriptions of the mineralogy or genesis have been pub- 
lished. Diller ** mentions the occurrence of tale at Bald Friar, 
Md. as irregular schistose masses in altered basic igneous rocks. 
The occurrence of talc at the Mineral Hill Mine, Carroll County, 
Md. has been described by Shannon.** The mineral association 
is biotite, chlorite, amphibole and iron bearing dolomite, with talc. 
Some pegmatitic material was found on the dump of the inacces- 
sible mine, and consists of narrow feldspar veins, or veins of 
quartz bordered by feldspar. Mr. Shannon kindly showed speci- 
mens from this locality to the author. The crystals of actinolite 
in tale resemble very closely those from the Vermont deposits. 
The mineral association and the connection of the mineralization 
with pegmatite veins is interesting in this discussion of the origin 
of talc. 

The Virginia deposits have been described by Watson.** There 
steatite is much more abundant than tale. All of the occurrences 
are in altered basic igneous rocks. 

The talc deposits of North Carolina and Georgia are important, 
and detailed descriptions have been published of them. Accord- 
ing to Keith” there are two general sources of North Carolina 

52 Diller, J. S., “ Mineral Resources of the United States, 1912,” Pt. II., pp. 
1148-1149, 1913. 

53 Shannon, E. V., “ Some Associations of Carbonates with Tale in Maryland,” 
unpublished manuscript, pp. 2-6. 

54 Watson, T. L., “ Mineral Resources of Virginia,’ pp. 289-296, 1907. 

55 Keith, Arthur, “ Tale Deposits of North Carolina,” U. S. Geol. Surv. Bull. 
213, P. 434, 1903. 
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talc. The best tale occurs in the marble group of deposits which 
are a series of lenticular masses in the blue and white Cambrian 
marble (the Murphy) which extended for forty miles in North 
Carolina and are continued for a greater distance into Georgia. 
The second class of tale deposits is connected with the bodies of 
soapstone which are found at many more or less separated places 
in the Archean rocks of North Carolina and Georgia. Few of 
these deposits are over a mile in length, while many of the out- 
crops are to be measured by a few feet, and not many of them 
cover more than an acre, 

According to Pratt ** the rocks of the best talc-bearing region, 
including the Murphy formation, are for the most part marble 
and quartzite, bordered by gneiss and crystalline schists. Re- 
peated dynamic movements have twisted and folded the strata to 
such an extent that their original structure has been almost wholly 
obliterated, and in many cases it has changed considerably their 
mineralogical character. Until the publication of the Pisgah, 
North Carolina folio by Keith, the granites of the Southern 
Appalachians were considered of pre-Cambrian age. There he 
considered the Whiteside granite to be of doubtful age, possibly 
as late as the Carboniferous. In the geological map of North 
America, published in 1912,** large areas of granite in the South- 
ern Appalachians are mapped as post-Cambrian, and in the EI- 
lijay, Georgia folio, Laforge and Phelan state that some younger 
granites are believed to be of late Paleozoic age.® Keith“ now 
has shown that this intense dynamic metamorphism of the lower 
Paleozoic sediments of the Southern Appalachians is due to the 

56 Pratt, J. H., “Tale and Pyrophyllite Deposits in North Carolina,” No. Car. 
Geol. Surv., Econ. Paper No. 3, p. 10, 1900. 

57 Keith, Arthur, U. S. Geol. Surv. Atlas, Pisgah Folio (No. 147), 1907. 

58 Willis, Bailey, “Index to the Stratigraphy of North America,” U. S. Geol. 
Surv., Prof. Paper 71, pl. 10, 1912. 

59 Laforge, Lawrence and Phelan, W. C., U. S. Geol. Surv., Geol. Atlas, Ellijay 
Folio (No. 187), 1913. 

60 Taken from Barrell, Joseph, “ Relations of Subjacent Igneous Invasion to 
Regional Metamorphism,” Am. Jour. Sci. (5), vol. 1, p. 4, 1921. 

61 Keith, Arthur, “ Outlines of Appalachian Structure,” Geol. Soc. Am. Bull., 
vol. 34. p. 365, 1923. 
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intrusions of these granites, now known to be late Paleozoic in 
age. 

Near the contact of the Murphy marble with the quartzite, but 
in the former, tremolite of a nearly pure white color, and in 
prismatic crystals up to a quarter of an inch in diameter has been 
found. The tale deposits of the Murphy formation according to 
Pratt “° are the result of the alteration of former deposits of 
tremolite because of the pseudomorphs of that mineral in the talc 
deposits. The nature and origin of the solutions which formed 
the tremolite, and from them the tale were not considered by 
Pratt, but with the later knowledge of the intrusive nature of the 
granites, it is reasonable to believe that these deposits of tale in 
limestone in North Carolina and Georgia are similar to those in 
New York, and are a product of solutions emanating from the 
granite. 

Hopkins ©’ has described the Georgia deposits in a detailed re- 
port, and although he recognized the possibility of igneous action 
in the formation of the tremolite and talc, he saw no evidence at 
that time of such igneous intrusions. 

The soapstone deposits of North Carolina and Georgia are of 
greater extent than the tale deposits in the Murphy marble. The 
soapstone is derived from the metamorphism of a very basic in- 
trusive igneous rock, and are almost always found in connection 
with the areas of hornblende gneiss and schist. In most cases 
during this metamorphism there formed in addition to talc, a 
number of other silicates containing magnesia, such as tremolite, 
actinolite, hornblende and chlorite. These are practically the 
same minerals as occur as impurities in the marble formation. 

These North Carolina and Georgia deposits show that tale has 
formed in marble probably by contact metamorphic action of a 
granitic intrusion, and when found in altered basic igneous rocks 
it is associated with the same silicates as accompany it in the 
contact metamorphic type of deposit. 

62 Pratt, J. H., loc. cit., p. 12. 


63 Hopkins, O. B., “ Tale and Soapstone Deposits of Georgia,” Ga. Geol. Surv. 
Bull. 29, pp. 190-309, 1914. 








284 JOSEPH L. GILLSON. 


Talc and Soapstone Deposits of California——The deposits of 
California are listed by Aubury “* but the only geological descrip- 
tions are those of Diller.*° The occurrence is essentially the same 
at all points and is illustrated by a section of the deposit about ten 
miles southeast of Tecopa. There the talc lies between diorite 
and banded limestone in an irregular deposit. The talc is finely 
fibrous but contains nodules of serpentine, calcite, and tremolite. 
The occurrence of tale on Sheep Creek twenty miles northwest of 
Silver Lake indicates that the diorite is later than the sedimentary 
rocks and may have been a factor in the genesis of the tale. A 
deposit seven miles southeast of Riggs clearly indicates a deriva- 
tion from a tremolite schist. Rogers® cites pseudomorphs of 
talc after actinolite on Apperson Creek, southeast of Sunol in 
Alameda county. 

Through the kindness of Mr. Hugh McClellan, a student at 
the Massachusetts Institute of Technology, some talc specimens 
recently found at La Moine, California, in the Siskiyou Moun- 
tains, near the Oregon line, were placed at the disposal of the 
author. The talc occurs in fine flakes, and contains residual 
grains of a chlorite. Magnetite is abundant, and large crystals 
of pyrite are widely disseminated. A piece of massive chlorite 
was said to have come from the border zone of the tale. This 
chlorite and that in the tale rock is pleochroic, with X > Z, the 
optic angle is about fifteen degrees, the sign positive, the indices 
of refraction, 1.580 and 1.585. 

The California deposits show the familiar association of talc 
with actinolite and tremolite, and with an optically positive mag- 
nesian chlorite. Very probably some or all of the deposits are 
due to the emanations from dioritic rocks as was suggested by 
Diller. 


64 Aubury, L. E., “ The Structural and Industrial Materials of California,” 
Calif. State Min. Bur., Bull. 38, pp. 350-353, 1906. 

65 Diller, J. S., “ Mineral Resources of the United States, 1912,” Pt. IL. p. 
1148, 1913, and 1913, pp. 157-160, 1914. 

66 Rogers, A. F., “Mineral Pseudomorphs, Petrifactions and Alterations,” 
Proc. Amer. Phil. Soc., vol. 49, p. 19, 1910. 
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Some Foreign Talc Deposits—Arnold Heim™ has described 
some talc deposits at Disentis in Switzerland, and gives a de- 
tailed discussion of the origin of tale. The original rock was a 
serpentine which has been acted upon by solutions which first 
formed serpentine, and by addition of silica, later formed talc 
under intense horizontal pressure. A second generation of talc 
was formed near the surface by meteoric waters. Another ex- 
ample of tale formed by surface waters at Loderio is cited. 

Tale lenses in the schists of Uruguay are described by 
Walther. The lenses are metamorphosed inclusions of impure 
marble occurring in a phyllite. The metamorphism of the lime- 
stone to tale was caused by post-volcanic emanations of magne- 
sium silicate solutions given off in connection with the intrusion 
of the widespread granite of the district. 

In many mineralogical collections splendid crystals of actinolite 
are preserved from an occurrence in the Zillerthal. They occur 
in tale and are very similar to those from Vermont and from the 
Mineral Hill raine, Carroll county, Md., and again illustrate the 
common association of tale with actinolite. 

Finlayson “ considers the tale in some magnesian rocks of the 
South Island, of New Zealand, to have been produced by those 
hydrothermal processes which are believed to have effected or 
initiated much of the serpentinization of olivine. In the discus- 
sion which followed the presentation cf this paper, Professor 

3onney gave his opinion that a tale rock is a condition to which 
a much crushed serpentine is reduced, and cited occurrences on 
the Gorner Grat near Zinal, and at Plas Goch Anglesey. 

E. Weinschenk *° in his description of the tale deposits of the 
Austrian Alps, holds that the mineral develops by replacement of 

67 Heim, Arnold, “ Der Talkbergbau von Disentis in Graybunden,” Zeit. f. 
prakt. Geol., vol. 26, pp. 2-11, 1918. 

68 Walther, K., Uber Vorkommen und Entstehung eines Talkschiefers in 
Uruguay und iiber seine partielle Verkieselung,” Zeit. f. deut. Geol. Gesell., vol. 
26, pp. 408-427, 1914. 

69 Finlayson, A. M., “ Nephrite and Magnesian Rocks of New Zealand,” Quart. 
Jour, Geol. Soc. London, vol. 65, pp. 351-381, 1909. 


70 Weinschenk, E., Abhandl, Beyer. Akad. d. Wiss., vol. 21, pt. 2, p. 270, 1901, 
quoted by Lindgren, Waldemar, “ Mineral Deposits,” p. 394, 1919. 
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schist composed of quartz, chlorite, chloritoid, and graphite, along 
its contact with limestone and believes this transformation due to 
waters following the irruption of large igneous bodies. 

Specimen 61 of the Grubenmann collection of metamorphic 
rocks sold by the Voigt and Hochgesang Gesellschaft of Got- 
tingen is a tale schist from Loderio, Tessin. The slide consists 
of a mesh of talc flakes of the most random possible arrangement, 
which have replaced a weakly pleochroic optically positive chlorite 
of low relief. A few residuals of apatite occur. Magnetite is 
present, and some of the grains, at least, are of later age than the 
tale. This tale rock from Loderio could hardly have been formed 
by surface waters as quoted by Heim. 


CONCLUSIONS ON TALC FORMATIONS. 


Few students of tale deposits have given the attention to the 
mineralogy and paragenesis which seems to be necessary to an 
adequate conception of the talc formation. From the evidence 
of the Vermont deposits, and the published descriptions which 
have been reviewed, the following general conclusions have been 
drawn. 

1. Tale deposits are commonly lens-shaped, and of irregular 
occurrence and extent. 

2. Talc deposits are replacement deposits in ‘imestone, schists, 
gneisses and in altered basic intrusions. 

3. The country rock of tale deposits is almost invariably old, at 
one time deeply buried probably at the time of the tale formation. 
In most deposits, however, dynamic stress was not active during 
tale formation. 

4. The type of solutions that formed talc, whatever was the 
original rock replaced, first formed an amphibole, a serpentine or 
a chlorite. At least in many deposits where observations have 
been made this chlorite is optically positive, and has indices of re- 
fraction near 1.600. ‘In many deposits dolomite, magnetite and 
pyrrhotite formed at about the same time as the talc, or later. 
These solutions were hot, alkaline, and were at first siliceous and 
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carried iron and calcium and some aluminum in addition to mag- 
nesium. Later the solutions became less siliceous and rich in 
magnesium. 

5. In many cases, if not in all, these hot solutions were emana- 
tions from granitic or dioritic rocks, or from the acid differenti- 
ates of basic intrusions. 

The conditions of depth, high temperature, and character of 
solutions had to be fulfilled in order that tale might form. 


Mass. INSTITUTE oF TECHNOLOGY, 
CAMBRIDGE, Mass. 











THE EQUILIBRIUM DIAGRAM OF PYRRHOTITE 
AND PENTLANDITE AND THEIR RELATIONS 
IN NATURAL OCCURRENCES. 


W. H. NEWHOUSE. 
INTRODUCTION. 


THE science of ore deposits has lagged behind the allied science 
of petrography to some extent. While the field relations of 
many ore deposits are well known, there has been relatively little 
work done on the ore itself. Mineral relations in the banded 
veins have of course long received attention, but in the massive 
ores means for adequate study has only recently been available. 
Etching with suitable reagents and the use of polarized light on 
polished surfaces now makes possible the study of the relations 
of opaque ore minerals. The study of mineral sequence, re- 
placement, and the interpretation of the many puzzling relations 
in ore minerals is only in its infancy. Physical chemistry fur- 
nishes an explanation to many of these features and it is called 
upon in this paper to assist the interpretation of the pyrrhotite- 
pentlandite relations. 

An equilibrium diagram (Fig. 1) for pyrrhotite (FeS(S)z<) 
and pentlandite ((FeNi)S) has been partially determined. Natu- 
ral occurrences of these ore minerals have been studied by re- 
flected polarized light and the relations are discussed with the 
assistance of the diagram. 

Several years ago P. C. Benedict, while a student at the Massa- 
chusetts Institute of Technology, made a fusion of pyrrhotite and 
pentlandite. Inspection of a polished surface of the resulting 
button seemed to show relations of pyrrhotite and pentlandite 
very similar to those so well known in the natural occurrences at 
Sudbury, Ontario, and elsewhere. 

Experimental work was later carried on by the writer using 
nickel, iron and sulphur to form the two sulphides. This was 


288 





cont 
An | 
men 
the 

tory 
seen 


I 
the 
nok 
part 
in t 
wel 
add 
and 
cha 
cru 
pro 
Sul 
wh 
son 
sul 
rat 


lan 
So! 
ing 
str 
in 

mi 
tio 
tio 
tur 
Gr 
apy 

1 


I 


rE 


ence 
s of 
little 
nded 
ssive 
able. 
it on 
tions 
, re- 
tions 
fur- 
‘alled 
otite- 


)e) 
Natu- 


a (72 


y re- 
1 the 


assa- 
> and 
ting 
ndite 
‘es at 


using 


» Was 











PYRRHOTITE AND PENTLANDITE. 289 


continued until the equilibrium diagram of Fig. 1 was determined. 
An examination of the data and the necessary method of experi- 
mentation as described will show that some error is present in 
the diagram. Although the data is incomplete and unsatisfac- 
tory in several respects the information which has been obtained 
seems worthy of record. 


PREPARATION OF THE SULPHIDES. 


Electrolytic nickel supplied by Professor C. R. Hayward of 
the Metallurgy Department of Massachusetts Institute of Tech- 
nology and powdered iron reduced by hydrogen were used in 
part of the work while “ Armco ” iron and nickel shot were used 
in the rest. In making up the charges the iron and nickel were 
weighed out in the right proportions and flowers of sulphur was 
added. The mixture was placed in a red hot graphite crucible 
and the crucible quickly returned to the furnace. When the 
charge became molten, it was allowed to cool. It was then 
crushed to a fine powder and sulphur was again added. This 
process was repeated until the desired product was obtained. 
Sulphur is given off rapidly by both pyrrhotite and pentlandite 
when in the liquid state. If held above the melting point for 
some time pentlandite breaks up into two components, ferrous 
sulphide which probably contains sulphur in excess of the FeS 
ratio, and a white substance which is presumably Ni,S..* 

This observation was checked several times by holding pent- 
landite well above the melting point for three to four hours. 
Some pentlandite always remained present in these melts show- 
ing that its tendency to dissociate under these conditions is not 
strong. No nickel sulphide like that mentioned above was found 
in any of the charges on which the cooling curves were deter- 
mined. In order to insure this, the mixture after the last addi- 
tion of sulphur was brought above the melting point, the junc- 
tion of the thermo couple was immediately introduced, the gas 
turned off in the furnace and the cooling curve determined. 
Greater precision might have been attained by the use of other 
apparatus but it was not available. 


1 Hayward, C. R.. “ The Equilibrium Diagram of the System Cu,S-Ni,S,.” 7. A. 
I. M. E., pp. 45-56, 1914. 
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ARTIFICIAL PENTLANDITE. 


X-ray powder photographs of the artificial mineral show a 
pattern like that of natural pentlandite. A slight difference in 
the spacing of lines was noted where two samples of the artificial 
mineral had different ratios of iron to nickel. This slight dif- 
ference is that commonly found in compounds where solid solu- 
tion exists.” The same type of difference in the spacing of the 
lines was noted between some natural pentlandite samples from 
different localities. 

An examination of the analyses of pentlandite listed by Hintze * 
shows that variable amounts of iron and nickel are present in the 
natural mineral from different localities. Reference to the 
sample cooling curve given will show that the deflection produced 
by crystallization of the pentlandite is the rounded curve formed 
by a solid solution. 

Some experiments bearing on this question were made. Ap- 
parently homogeneous compounds as viewed in polished sections 
were formed by using in one case 10 grams of iron and 10 
grams of nickel and in another with 11 grams of iron and 10 
grams of nickel. Of course it is likely that the sulphur content 
varies as well. (See Hintze.*) No attempt was made to find 
the limits of variation. 

Identification of the Pentlandite—The evidence shown by X- 
ray powder photographs has been mentioned and will not be con- 
sidered further. It seems to show conclusively that the artificial 
product is the same as natural pentlandite. 

The melting point of the pentlandite in a mixture of natural 
pentlandite and pyrrhotite from Sudbury, Ontario, was found to 
be 878° C. This melting point agrees well with the temperature 
of the melting point of the artificial mineral. (See Table I.) 

In polished section the octahedral cleavage is well developed. 
Many small triangular shaped pits result on polishing, similar to 
those shown in polished sections of the natural mineral. Both 

2 Norton, J. T., Asst. Professor of Physics, Mass. Inst. Tech. Oral communica- 
tion. 


3 Hintze, “ Handbuch der Mineralogie,” vol. 1, p. 658. 
4 Hintze, op. cit. 
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the artificial and natural minerals appear isotropic under crossed 
nicols with reflected polarized light. 

In polished sections it reacts like pentlandite with the usual 
etching reagents.° 

The color when alone or in contrast to pyrrhotite appears 
identical with that of the natural mineral. 


PYRRHOTITE. 


Identification——The artificial pyrrhotite is slightly magnetic 
with an ordinary horseshoe magnet. In color it seems to be like 
the natural mineral in both hand specimen and polished section. 

It reacts for pyrrhotite in polished sections according to the 
etching tests given by Davy and Farnham ° and by Murdoch." 

In reflected polarized light it is anistropic giving apparently 
the same colors on rotation of the stage as is given by the natural 
mineral. X-ray powder photographs give a pattern matching the 
pattern of the natural mineral.“* No difference could be detected 
in the X-ray powder photograph pattern shown by pyrrhotite con- 
taining nickel in solid solution and ordinary pyrrhotite. 

Furnace.—The early experimental work was performed in a 
coke furnace and later the cooling curves were determined on ma- 
terial fused in a gas furnace. 

Pyrometer—The temperatures were measured by a chromel- 
alumel thermo couple, with a potentiometer. The couple was 
calibrated in the usual manner with lead and aluminum. The 
Bureau of Standards curve for the chromel alumel couple was 
used in connection with this calibration.* The junction was pro- 
tected by a silica tube. 

Determination of Cooling Curves.—Charges weighing 100 
grams were used in most cases. Readings were taken every fif- 

5 Davy, W. M., and Farnham, C. M., “ Microscopic Determination of the Ore 
Minerals,” p. 95. Murdoch, J., “ Microscopical Determination of the Opaque 
Minerals,” p. 100. 

6 Op. cit., p. 95. 

7 Op. cit., p. 76. 

ta The pyrrhotite forms skeleton crystals, probably due to rapid cooling. 


8 Adams, L. H., “ Measuring Temperatures with Thermocouples,” 
on Pyrometry, Special Publication, Am. Inst. Min. Eng., p. 172, 1920. 
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teen seconds. The resulting points were plotted on graph paper 
and the temperature of the deflections was obtained from the 
calibration plot. 

Equilibrium Diagram.—The composition of each of the charges 
used in making the cooling curves was calculated in terms of 
FeS(S)«2 and (FeNi)S. The pyrrhotite was calculated with 
about 5 per cent. of sulphur in excess of the FeS ratio. Equal 
parts by weight of Fe and Ni were used to calculate the (FeNi)S. 

Since a variable amount of S is present in the pyrrhotite in 
excess of the FeS ratio, and since the pentlandite may vary in 
composition around that containing equal parts by weight of Fe 
and Ni some error is thus introduced. 

After determining each cooling curve a piece of the fusion was 
polished and studied under the microscope. A number of charges 
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Fic. 1. Equilibrium diagram of Pyrrhotite and Pentlandite. 


of other compositions than those plotted in the diagram, Fig. 1, 
were studied microscopically. The evidence obtained by this 
means supports that shown by the cooling curves in the making 
of the equilibrium diagram. There may be some undercooling, 
although several heating curves indicate that if there is any it is 
small in amount. 
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TABLE I. 


PYRRHOTITE AND PENTLANDITE. 





TEMPERATURE DaTA FOR EguiLisrium DIAGRAM. 
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Temperatures 
Temp. of Temp. on 
Cold Mille | Culibration Final 
Junction.| Volts. | Curve Corre- Corrected 
sponding to Temperature 
Millevolts ati 
reading. 
1 | 100% (FeNi)S....... 32° ae3 864 886° 
2 | 10% Pyrrhotite FeS(S); 26° 40.9 1015 1031 
90% Pentlandite..... 34.15 838 854 
3 | 20% FES (S);.. 26° 42.4 1057 1073 
80% (FeNi)S. . 33-4 820 836 
4 | 30% FeS (S)z.. 26° 42 1068 1084 
70% (FeNi)S. .. 35-5 874 890 
5 | 40% FeS (S)z.. 26° 43-5 1087 1103 
60% (FeNi)S. .. 35.0 862 878 
6 | 50% FeS (S):.. 26° 43.0 1074 1090 
50% (FeNI)S.. 34.5 849 865 
55% FeS (S)z... 26° 44.3 III 1126 
45% (FeNDS.. 35-4 873 889 
8 | 60% FeS (S)z.. 26° 45.1 1128 1144 
40% (FeNi)S. . 
9 | 65% FeS (S)z.. 26° 45-5 1145 1161 
35% (FeNi)S. . 
10 | 75% FeS (S)z.... 26° 45.8 1154 1170 
25% (FeNi)S. . 
11 | 85% FeS (S)z. . 25° 46.4 1172 1187 
15% (FeNi)S..... 
12 | 90% FeS (S)z. . 28° 46.8 1183 1201 
10% FeNiS... 
13 | 100% FeS (S)z... 26° 46.7 1192 




















DISCUSSION OF THE EQUILIBRIUM DIAGRAM. 


Pyrrhotite may take nickel in solid solution up to approxi- 
mately 13 per cent. under the conditions which obtain in the lab- 


oratory. 





This percentage was not checked by analysis but was 
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determined like all the other percentages of components in the 
charges by weighing up the elements for the charge and calculat- 
ing the pyrrhotite as FeS(S)z, in which 60 grams Fe were as- 
sumed to make 100 grams of FeS(S)z«. This gives sulphur in 
excess of the FeS ratio to the amount of about 5 per cent. The 
pentlandite was calculated on the basis of 40 gram Fe and 4o 
gram of Ni to 100 grams of pentlandite. The nature of these 
sulphides is discussed elsewhere and will not be considered further 
at this place. 

The solid solution of pyrrhotite and nickel when containing 
above 13 per cent. Ni breaks down into the two components pyr- 
rhotite and pentlandite when the temperature falls to the line 
M-O. (Fig. 1.) The temperature of this line could not be de- 
termined in the present investigation. Above approximately 15 
per cent. Ni the pyrrhotite and pentlandite are apparently im- 
miscible liquids at the freezing point of pyrrhotite. 

In this part of the diagram crystals of pyrrhotite with nickel 
in solid solution are formed. Liquid pentlandite surrounds 
these crystals until the temperature drops to about 870°, at which 
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Fic. 2. Cooling curve for 70 per cent. (FeNi)S and 30 per cent. 
FeS(S),. The upper break in the curve is caused by the crystallization 
of pyrrhotite, the lower one by the crystallization of pentlandite. 
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PYRRHOTITE AND PENTLANDITE. 295 
temperature pentlandite begins to crystallize. The pentlandite 
crystallizes over a range in temperature since it is a solid solu- 
tion. Reference to the sample cooling curve given will show 
this fact very well. 

When the temperature lowers to the line M—O the unstable 
solid solution of pyrrhotite containing pentlandite or nickel breaks 
down and small lens-shaped masses of pentlandite are formed 
within the pyrrhotite crystals and along the borders of these 
crystals. These lens or blade-like masses of pentlandite have the 
same shape, general size, position and relation to the pyrrhotite 
grains in the artificial minerals as they do in the natural ones. 

The inference is strong that these blade or lens-shaped masses 
have been formed in nature as in the artificial minerals by the 
unmixing of an unstable solid solution. Above and along the 
line I-R the liquids pyrrhotite and pentlandite are presumably 
immiscible. 


PYRRHOTITE-PENTLANDITE RELATIONS IN NATURE. 


The microscopic examination was made with polarized reflected 
light which permits the study of grain or crystal relations. 
Megascopic examination of large etched polished surfaces of the 
ores was used to supplement the microscopic work. 

Pentlandite occurs in large part as vein-like masses between 
grains or crystals of pyrrhotite. That the pentlandite occurs 
between grains rather than cutting across them in veins and re- 
placing them has recently been emphasized by Van der Veen.° 
This relation has been found to hold with only one possible ex- 
ception in a number of sections examined by the writer from 
Sudbury, Ontario, the Alexo Nickel mine, Ontario, Nye, Mon- 
tana, Lancaster Gap, Pa., and Dalton, Mass. 

The main minerals of hydrothermal veins do not show such 
features except locally. There, replacement is common; one 
mineral cuts across crystals of another and residuals of the 
earlier mineral appear usually in the later replacing one. 

These pentlandite masses between crystals of pyrrhotite do not 
occur between all crystals. Rather they may be described as 


® Van der Veen. R. W.. “ Mineragraphy and Ore Deposition,” vol 1, p. 41, 1925. 
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more or less uniformly distributed masses within the pyrrhotite 
usually one to several centimeters apart and with many crystals 
of pyrrhotite between them. Most of the crystals of pyrrhotite 
in the ore are not in contact with these vein-like masses. Ex- 
tending out from these masses are occasionally found small 
elongated veinlets extending into fractured gangue minerals or 
magnetite crystals. 

A second mode of occurrence is that in which oriented blades, 
lenses or flakes of pentlandite occur within the pyrrhotite crystals 
and along the borders of pyrrhotite crystals sometimes extending 
into the pyrrhotite crystal from an intergranular mass of pent- 
landite. Small irregularly shaped masses of pentlandite may 
occur within a pyrrhotite crystal. 


DISCUSSION OF THE ORIGIN OF PYRRHOTITE PENTLANDITE 
RELATIONS IN ORES. 


That the pentlandite or nickel was in the pyrrhotite body when 
the pyrrhotite crystallized seems true. The lack of replacement 
of pyrrhotite by the pentlandite strongly favors such an hypothe- 
sis. Veinlets of pentlandite cross-cutting crystals of pyrrhotite, 
and replacement residuals of pyrrhotite are absent. The com- 
paratively even distribution of nickel in the ore also supports the 
idea. This fairly uniform content of nickel in the Sudbury ores 
is well known and has been emphasized by Barlow,’® Roberts 
and Longyear,”* and others. Several explanations of the origin 
of these features suggest themselves. Without attempting to 
exhaust all possibilities some of them will be discussed. 

One is that a sulphide melt was present which contained pyr- 
rhotite and pentlandite in certain miscible proportions, that is, 
around 2.5 to 5.5 per cent. nickel. On cooling to about the crys- 
tallization point of pyrrhotite they become immiscible as in the 
pentlandite end of Fig. 1. The diagram shows, however, that 
under laboratory conditions at least, immiscibility of pyrrhotite 


10 Barlow, A. E., “ Nickel Deposits of Sudbury, Ontario,” Econ. GEot., vol. 1, 
p. 548, 1905-06. ; 

11 Roberts, H. M., and Longyear, R. D., “ Genesis of the Sudbury Nickel-Copper 
Ores,” T. A. I. M. E., vol. 59, p. 39, 1918. 
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and pentlandite does not take place at the freezing point of the 
pyrrhotite with the percentage of nickel found in the natural oc- 
currences of ore minerals. The general relations of pentlandite 
to pyrrhotite found in ores are similar to those shown in the 
diagram with a higher per cent. of Ni. In nature the effect of a 
small amount of water, sulphur, or iron copper sulphide might 
displace the lines I-L and M-N over toward the pyrrhotite end of 
the diagram. In that case immiscibility would account for the 
vein-like masses of pentlandite between the pyrrhotite crystals. 

Another possibility suggested is that crystals of pyrrhotite 
were formed containing nickel in solid solution. With slow cool- 
ing this solid solution would become unstable and break down 
forming pyrrhotite and pentlandite. Schneiderhohn * and Van 
der Veen ** suggest such unmixing of a solid solution to form 
the pyrrhotite pentlandite relations. Very slow cooling at the 
present time can not be realized in the laboratory by the writer. 
It is believed that with very slow cooling the line M—N on the 
diagram would be moved over very close to 100 per cent. pyr- 
rhotite. It is known by experiment that more rapid cooling 
moves it toward the other end of the diagram. The pyrrhotite 
end of the diagram is not then considered in true equilibrium. A 
long period of time consumed in the cooling process would prob- 
ably result in equilibrium. 

Several facts mentioned in the occurrence of the natural min- 
erals are difficult to harmonize with this conception of unmixing 
of all the pentlandite from a mass of pyrrhotite crystals contain- 
ing nickel in solid solution. Typical examples of unmixing in 
metallurgy where the one constituent (@) is cast completely out 
of the grains of the other (b) show the individual grains or 
crystals of (b) surrounded by a network of (a). Such examples 
in metallurgy are formed by slow cooling. In ore specimens 
from Sudbury, however, a number of grains or crystals of pyr- 
rhotite usually occur between the pentlandite vein-like masses. 
In rich Sudbury ore, veins of pentlandite over an inch thick may 


12 Schneiderhohn, H., “ Anleitung zur Mikroskop. Bestimmung von Erzen,” p. 
178, Berlin, 1922. 

18Van der Veen, R. W., “ Mineragraphy and Ore Deposition,” vol. 1, p. 41, 
1925. 
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be seen, next to many pyrrhotite grains, none of which are sur- 
rounded by pentlandite. 

Walker ** describes an occurrence of pentlandite which may be 
significant in this connection. Pyrite occurs at the Worthington 
Mine which contains rounded masses of pentlandite. A some- 
what similar case is described from Key West, Nevada, where 
pentlandite occasionally occurs as veinlets in fractured pyrite.” 

The extension of veinlets of pentlandite from the main masses 
into fractured silicate gangue minerals and magnetite crystals is 
difficult to explain by the hypothesis of unmixing, if the explana- 
tion is extended to include all the pentlandite. 

The third possibility suggested is that of immiscibility of the 
iron and iron nickel sulphides above a hypothetical line GH and 
some slight segregation of the pentlandite before crystallization. 
Pyrrhotite containing nickel would crystallize adjacent to the 
small masses of segregated liquid pentlandite. On lowering of 
temperature unmixing would take place around these blebs and at 
other places in the pyrrhotite containing nickel, producing the 
familiar blade or narrow lens-shaped masses of pentlandite within 
the pyrrhotite grains and especially along their borders on the 
pentlandite intergranular vein-like masses. The first and third 
possibilities appear to account best for all the facts. 


SUMMARY OF CONCLUSIONS. 


1. Pyrrhotite may be formed which with rapid cooling con- 
tains up to approximately 13 per cent. nickel in solid solution. 
Pyrrhotite containing nickel in solid solution is probably unknown 
in nature. 

2. Pentlandite begins to freeze at about 870° C. It varies in 
composition and freezes over a range of temperature rather than 
at a definite point. 

3. Narrow blade-like or lens-like masses of pentlandite within 
pyrrhotite crystals similar to those observed in pyrrhotite-pent- 
landite ores may be formed by the break down of a solid solu- 
tion of pyrrhotite and pentlandite. 


14 Walker, T. L., “ Certain Mineral Occurrences in the Worthington Mine, Sud- 
bury, Ontario, and their Significance.” Econ. GEot., vol. 10, pp. 536-542, 1915. 

15 Lindgren, W., and Davy, W. M., “Nickel Ores from Key West Mine, 
Nevada.’ Econ. GEor., vol. 19, p. 313, 1924. 
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4. Above a certain percentage of pentlandite the liquids appear 
to be immiscible at the crystallization point of the pyrrhotite. 
It is believed by the writer that the vein-like masses of pentlandite 
between pyrrhotite grains in the natural minerals were separated 
from the pyrrhotite when in the liquid state. This may have 
happened above the hypothetical line GH in which case liquid 
immiscibility would produce small liquid blebs of pentlandite 
placed usually several centimeters apart. Upon crystallization of 
the pyrrhotite some pentlandite would be taken into solid solution 
by it particularly adjacent to these liquid blebs of pentlandite. 
The liquid pentlandite would occur between pyrrhotite crystals 
(as in the artificial melts) and would vein any fissured silicates 
or magnetite adjacent to it. With slow lowering of temperature 
the pyrrhotite containing pentlandite in solid solution would be- 
come unstable and break down forming pyrrhotite free of nickel, 
with the flakes or lenses of pentlandite in it. Many of these 
lenses would be adjacent to the main pentlandite vein-like masses, 
although they may occur elsewhere. This is a common place to 
find them in the natural minerals. 

Another possibility is that the presence of other substances, 
such as water, sulphur in some form, or chalcopyrite might cause 
lines H-I-L—-M-—N to move over nearly to the pyrrhotite end of 
the diagram. The result would still be essentially as described 
before in this paragraph. 

5. In the occurrences in nature the pentlandite came in with 
the pyrrhotite. This is supported by the lack of replacement of 
the pyrrhotite by pentlandite, a feature which is in marked con- 
trast to the relations usually found in the minerals adjoining 
different minerals when formed in hydrothermal ore deposits. 
There replacement of early sulphides by later ones is nearly 
universal. 
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EDITORIAL 





FACTS AND THEORY IN MINING GEOLOGY. 


A REVIEW of the geological study of ore deposits for almost any 
given period will bring out its curious aspect in the combination 
of speculation, particularly on ore genesis, on the one hand, often 
straining to the point of bursting the bands that link it with the 
facts of observation, and on the other hand very careful, cautious 
work. In the geological sciences some flight of imagination is 
necessary besides the registration of facts, if a measurable prog- 
ress shall be made. It is doubtful whether there is proportionately 
more speculation in ore-geology than in other branches of geology, 
especially if one bears in mind that some of the geological proc- 
esses that lead to the forming of ores have proved extremely dif- 
ficult to explain in detail, as replacement, for instance. But 
speculation in geology becomes a dangerous thing, if the geologist 
in his enthusiasm for a new and beautiful hypothesis is brought to 
lose his contact with the safe ground of accumulated experience, 
and gives advice, directly or indirectly, for mining or other tech- 
nical operations upon the sole guidance of this jack-o-lantern. 

It is therefore a good thing indeed that economic geologists 
who have shown themselves able to serve the mining industries 
by their geological ability, sound a warning against the over- 
estimation of “theory” and call for more practical experience 
to be pooled for the common benefit of the profession. Mr. 
Locke has recently taken up this line in the pages of this journal, 
and, among others, the late Dr. W. G. Miller some years ago 
expressed himself in the same spirit. Probably most geologists 
interested in mining will agree that the usefulness of geology for 
practical purposes would be increased if there were more of “ prac- 
tice” and less of “ theory” in the pages of printed geology. 
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In this wish for more practical data and proportionately less 
speculation, particularly on problems of origin, the emphasis must 
be on the former part. For, although their practical importance 
must not be overestimated, genetical problems certainly still de- 
serve our study. It is well known that progress in this field has 
led to many practical results of the highest value. Increased 
understanding of the origin of ore deposits will prove of great 
benefit also in an indirect way, by helping us to avoid some other- 
wise dangerous pitfalls in structural work. This is quite ap- 
parent even in cases when, from a high degree of metamorphism, 
all conclusions relating to the original characters of the deposit 
must to some extent be tentative. Take the ores of the Swedish 
Archean. In few districts are these difficulties more pronounced, 
yet our geologists do not subscribe entirely to the verdict we find 
in the geological text-book by Pirsson and Schuchert that “ under 
such circumstances . . . not only will the origin of the deposit be 
an extremely difficult or unsolvable problem, but none of the 
practical deductions dependent upon a knowledge of origin may 
be utilized. Such ore deposits occur in great number in Sweden; 
fortunately they are rare in the United States.”’ It is impossible 
to deny that the opportunities in the respect considered are much 
more limited than in younger formations, yet I do not hesitate 
to say that the work here devoted to shed light upon the origin and 
geological history of our ores has proved of real practical value, 
and that this is becoming more and more apparent as our studies 
proceed further. It is true that the genetical interpretations 
suffer from many uncertainties, and that few practical conclu- 
sions can be drawn directly from them, but increased knowledge 
in this field has given us a better understanding of the structural 
features, and thus given results of a decided practical importance. 
When this may be said of the Archean, it is plainly still more 
applicable to the younger formations. But it is quite true that 
generalizations upon origin will not alone bring many practical 
results. 

Generally, when these things are considered, “ theory ” is taken 
as relating to the origin of ore deposits, and “ facts” or “ prac- 
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tice’ to structure or stratigraphy. This is largely, but not en- cons 
tirely justified, for in structural geology the possibilities of gen- * the 
eralization are more limited, and one is forced, nolens volens, to body 
keep close indeed to the naked facts. When speculation is let upo! 
loose in structural geology, it generally counts with dimensions also 
that place it beyond any possibilities of practical applications. ing 

When origin is concerned, again, one deals with laws of Nature cont 


that have a wider application. This explains why observations 
that shed some light upon questions of origin are so commonly 
published, for they are always of more than local interest. On 
the other hand, the interpretation of a complicated fault struc- 
ture may be a very clever piece of work and have a great economic 
importance, but will not “show up” much as a contribution to 
geological literature. Certainly great progress would be made 
if mining geologists in general would publish their experience 
in such structural work, even if many a contribution would seem 
unimportant when considered apart from the others. 

One kind of information that seems particularly desirable con- 
cerns the geological reasons for the giving out in depth of ore 
bodies. But such information is very difficult to obtain. Take 
a typical case. Asa last effort, after much work has been carried 
out without disclosing any new reserves, a geologist is called in. 
He may perhaps, in this particular case, be unable to point out 
any new possibilities, but notes certain geological features that 
apparently are more or less responsible for the untimely end of 
the mine. He will point out these facts to his employers, and he 
will perhaps find his observations useful in some future work. 
But other geologists will not profit by his experience, if he does 
not also turn to his employers in this way: “ Gentlemen, you will 
understand that the geological relations [ have found in your mine 
are so illuminating that it might be of a great advantage to others 
if you would kindly give me your permission to publish a de- 
scription.” Now, if a mine is dead, the board does not like to 
have the fact proclaimed, even if the reasons for giving it up were 
facts beyond any human control. Therefore, although such a 
request may sometimes be granted, it is not often made, for few 
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consulting geologists will like the risk of being branded as 
“theorists "—this meaning, among many practical people, any- 
body who puts things in print. But the interested few who take 
upon themselves the trouble of securing permission to publish 
also detailed information gathered in private work, and the min- 
ing administrations that grant such permissions are certainly 
contributing strongly towards making geology useful in mining. 


Per GEIJER. 
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PARAGENESIS OF MINERALS IN THE BUTTE VEINS. 


Sir: I have read with much interest Dr. Agar’s paper on “ Min- 
erals of the Intermediate Zone, Butte, Montana ”’ in the Novem- 
ber number of this journal. It is true indeed as Dr. Agar states 
that the numerous contributions to the subject of paragenesis at 
Butte have so far been mainly concerned with the question of 
hypogene or supergene chalcocite, and that some of the larger 
questions have scarcely been touched upon. 

As I have done more or less work on the Butte ores during the 
last few years, both for the Davis-Daly Copper Company and for 
the Anaconda Copper Mining Company, and as my examinations 
have covered substantially the same territory as those of Dr. 
Agar, I feel tempted to add a few words to his discussion. In 
part these studies have been made with the assistance of Doctors 
Boydell and Newhouse. Let it be said at the outset that I quite 
agree with Dr. Agar’s conclusions, “in principle,” but that there 
are some phases of the subject which I would be inclined to push 
farther than he has done. One notes in the paper referred to a 
certain reluctance to follow up the observations to their logical 
conclusion and a tendency to emphasize the more or less con- 
temporaneous, overlapping deposition. Probably this results in 
part from Dr. Agar’s acceptance of the ‘‘ mutual boundary ” dic- 
tum as indicating contemporaneity and also the “ graphic inter- 
growth ” as likewise proving the same thing. With both of these 
theses I disagree rather strongly,’ holding that these structures do 

1“ Mutual boundaries ’’: Lobes and bulbs of Mineral A penetrate Mineral B 


with the same frequency and in the identical manner in which similar shapes 
of B penetrate A. “The structure looks no more in one direction than in the 


other.” Were A and B to change places the significance of their relations would 
remain unchanged. Locke, Hall and Short, Trans. Am. Inst. Min. and Met. Eng., 


70, P. 955, 1924. 
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not necessarily prove simultaneous deposition but that they are 
generally produced by replacement. 

The boundary between the copper area and the zinc area in 
Butte is of great interest. The upper levels, down to about 1,600 
feet in the State and Badger veins show zinc mineralization; be- 
low this depth the character of the ore changes rather suddenly 
to copper mineralization. The whole of the adjacent Rainbow 
lode is so far (excepting some branch veins) in the zinc zone 
down to the present bottom. It is with this general area that 
my discussion is chiefly concerned. 

I advance my conclusions with considerable humility, well 
knowing that the last word has not yet been said about the para- 
genesis in Butte. The question of the time interval, if any, be- 
tween deposition in the E.-W. veins and the N.-W. veins has not 
been touched upon. Substantially the same paragenesis seems to 
hold for both systems. That there may be some overlap and 
repetition I do not question, but I have never yet, for instance, 
seen enargite replacing tennantite, bornite or chalcopyrite or 
galena. Briefly, I recognize a distinct hypogene sequence pos- 
sibly with some overlapping. There has been both deposition in 
open space and replacement. During the later stages one notes 
continuous replacement of the older sulphides by succeeding gen- 
eration of younger sulphides. 

To be concise I shall give my version of the paragenesis in 
tabular form: 

1. Quarts. Continued more or less throughout ore deposition. 

2. Pyrite. 

3. Sphalerite. Where relations can be determined sphalerite 
is always later than pyrite. 

4. Enargite. 

5. Tennantite. Frequently replaces the enargite in intricate 
vein patterns. 

“ Graphic Intergrowth ” shows the mutual boundary complicated and smaller in 
scale; it is the mutual boundary with sharper curves. Often it is so fine as to 
require high magnification. The minerals A and B are mutually intergrown in 


lobes, hooks, and dots. It shows a similarity to the so-called “ eutectic” 
ture. Idem, p. 956. 
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6. Bornite. Replacing any of the preceding minerals. 

7. Chalcopyrite. More difficult to place than any of the other 
minerals. Occurs as dots and rods in sphalerite and as gashes 
in bornite but also as veinlets cutting across these minerals; also 
in druses, pseudomorphous after enargite.* 

8. Galena. Always later than pyrite and sphalerite, bornite 
and tennantite. Relations to enargite uncertain as they are rarely 
found together. Relations to chalcopyrite also difficult to estab- 
lish; probably almost contemporaneous. 

Galena usually absent in areas of copper mineralization ; mostly 
found in outlying (cooler ?) parts of the area of mineralization. 

9. Rhodochrosite-Rhodonite-Quartz. After the copper min- 
eralization and the galena were deposited followed a time of 
brecciation, mostly in what now is the zine area (in which the 
full development of the copper minerals is lacking) and a ce- 
mentation of the breccias by the above mentioned two manganese 
minerals (often very intimately intergrown). This was followed 
by a renewed deposition of quartz, as is well seen in the Alice, 
Rainbow, and Magna Charta region, but also in numerous smaller 
veins and in the upper levels of the State vein.® 

10. Pyrite occurs in smaller amounts in the manganese min- 
erals. A distinctly later phase than the early pyrite. 

11. Chalcopyrite, perhaps other sulphides including argentite 
(?). Small amounts in the manganese minerals. 

12. Fe, Mn, Ca, Mg carbonates of the ankerite type. Occur 
mostly in druses of the copper mineralization. Little or no 
rhodochrosite is found in the copper areas. 

13. Dolomite. Cluster of rhombohedrons surmounting the 
latest sulphides in copper and zinc areas. 

14. Calcite. Latest phase of carbonate in druses, occurring in 
places as large scalenohedrons. 

15. Barite. Rare but observed as one of the latest gangue 

2In how far the chalcopyrite in bornite and sphalerite is a product of “ unmix- 
ing” during cooling is not clear. In part it may have had such an origin. It is 
not believed that chalcocite in bornite was formed in this manner. 

3D. C. Bard and M. H. Geidel state that some rhodochrosite is earlier than 


bornite and sphalerite. I can only say I have seen no such occurrences. Trans. 
Am. Inst. Min. and Met. Eng., 46, p. 126, 1913. 
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minerals in Colorado No. 2 and in the State vein, at both places 
in copper areas. 

16. Chalcocite. I have placed the hypogene chalcocite as the 
latest of the sulphide minerals, replacing all of earlier copper 
minerals. Its relation to galena is not fully established as the two 
minerals rarely occur together, but I believe it must be the later. 
Being the rhombic variety its temperature of formation was be- 
low go C., and the ascending solutions were cooling. I am 
strongly inclined to consider it later than the carbonates. Natur- 
ally the development of chalcocite would most easily take place in 
the richest of the copper minerals, ¢.g., bornite. In the State vein 
there is a little supergene chalcocite in the upper (zinc-bearing) 
levels, but probably hypogene chalcocite is abundant from the 
1.600 foot level downward. In the stopes of the 1,800 foot level 
of the State vein the older copper mineralization has been brec- 
ciated and on the fragments are implanted fine rhombic chalcocite 
crystals. With the chalcocite, under it and on it, is a thin layer 
of colloform, cryptocrystalline quartz, with shreds of sericite. 
This association which will probably be found elsewhere also 
seems characteristic of low temperatures. I believe these crystals 
to be hypogene and their occurrence shows plainly that they were 
deposited during a last cooling stage. The fragment on which 
the crystals are implanted also shows chalcocite in bornite. These 
latest solutions penetrated the older copper mineralization and 
where conditions were favorable they also deposited crystals of 
chalcocite on the fragments of the ore breccia. Wherever covel- 
lite was observed it was in small quantities forming little veinlets 
later than all the copper minerals including chalcopyrite. As far 
as I can see it would be about contemporaneous with chalcocite. 
No direct evidence for its hypogene character was obtained. 

On the whole the early stages of deposition were the same in 
the copper and the zinc areas, but as the temperature was lowered 
the manganese invasion took place in the zine area followed by a 
scant second generation of sulphides. Still later the hypogene 
chalcocite was formed. 


WALDEMAR LINDGREN. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, Mass, 
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CHANGES IN THE OXIDATION OF IRON IN 
MAGNETITE. 


Sir: Miss Twenhofel’s paper on the above subject, and the 
previous work in the same field by Sosman and Posnjak and Welo 
and Baudisch, are deeply interesting. Recent microscopical work 
on magnetite and hematite, by Broderick, Gruner, Ramdohr,* and 
myself, has led to pretty complete agreement that, in nature, the 
two minerals occur normally as definite entities. They may be 
intergrown in any of a number of characteristic ways; but their 
relations, though complex, are at least visible. Or so we be- 
lieved. The announcement that a substance may have a com- 
position Fe,O;, and yet show the color, crystal structure, and 
ferromagnetic properties of magnetite, seems to threaten a serious 
flank attack. 

As yet this “oxidized magnetite” is almost entirely a lab- 
oratory product. The only natural material so far reported is 
from a gossan in Shasta County. Sosman and Posnjak have 
obtained it artificially in several ways, of which three may con- 
ceivably be related to ordinary gossan processes—(1) the oxida- 
tion of artificial magnetite in air at 105° or less, (2) oxidation 
of artificial magnetite by a warm solution of ammonium persul- 
phate, and (3) dehydration of lepidocrocite. 

The chief geological interest, however, would seem to lie in its 
possible occurrence at somewhat higher temperatures. Is it stable 
enough to be found in igneous rocks, in contact metamorphic or 
hypothermal deposits? In other words, in the magnetite-hematite 
intergrowths, which are usually of deep-seated origin, can we 
expect to find that some of the ‘ 
Fe,O;? On this point more information is badly needed. 

Sosman and Posnjak, Welo and Baudisch, and Twenhofel 
have all succeeded in oxidizing artificial magnetite by heating it 
in air at 220° or less, and have produced inversions to hematite 
at about 550°. Natural magnetite appears to have a different 


‘magnetite’ is really disguised 


1Ramdohr, Paul, Beobachtungen an Magnetit, Ilmenit, Eisenglanz, und Uber- 
legungen tiber das System FeO, F,eO,, TiO, Festschrift der Bergakad. Clausthal, 


1925. 
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range. The first stage occurs at 800° (Welo and Baudisch) or 
partially at 500° (Twenhofel), and the inversion to hematite at 
800° plus. In all cases, however, they found the two distinct 
stages, and they conclude that this is the normal mode of transi- 
tion. On the other hand Sosman and Posnjak, on heating natural 
magnetite to 470°, in moist oxygen, obtained a paramagnetic 
oxide but no “ oxidized magnetite.” 

Gruner has recently produced hematite by heating natural 
magnetite in air at 150 and 200°. The change, as studied micro- 
scopically, corresponds to one of the standard methods observed 
in nature—namely, the formation of hematite along the octahedral 
planes of the magnetite. His experiments give no indication of 
any intermediate product, unless the difference in the rate of 
oxidation shown by different specimens be taken to mean that in 
some cases the original magnetite was already partly oxidized. 

In other words, we have two sets of observations, one chemical 
and one microscopical, which seem to point in different directions. 
There is an obvious need to fit them together. In theory the most 
satisfactory way to find out whether this “ oxidized magnetite ” 
exists in nature would be to analyze a large number of natural 
magnetites and find whether they contained any unaccountable 
excess of ferric oxide. This is of course very difficult, because 
most magnetite contains a certain amount of intergrown hematite, 
which is distributed so irregularly that it is almost impossible to 
get a reliable microscopical check on the analyses. Some inter- 
esting results, however, could probably be obtained by heating a 
coarse powder (say 40-mesh) of pure natural magnetite to vari- 
ous temperatures up to 800° and for various lengths of time. 
This ought to result in a change to hematite, either in one stage 
or two or both, and each step could be checked both by chemical 
analysis and by mineragraphic study of the powders. If a mag- 
netite of the New Jersey type, containing practically no hematite, 
were used, the combination of the two methods ought to give 
some valuable data. 
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I hope to undertake some experiments of this sort myself, but 
this note is by no means an effort to preempt the field. 
GEOFFREY GILBERT. 
LEHIGH UNIVERSITY, 
BETHLEHEM, PENN. 


THE NATURAL GAS ASSOCIATED WITH OIL 
DEPOSITS. 


Sir: In this journal for January-February, 1927, A. R. Deni- 
son makes the comment, when reviewing my recent book “ The 
Geology of Oil, Oil-Shale, and Coal,” that natural gas, so uni- 
versally associated with oil deposits, is never mentioned. It is 
true that no specific mention is made of the natural gas that oc- 
curs associated with oil deposits because, in developing a new 
point of view with regard to the origin of petroleum, I have en- 
deavored to avoid introducing discussion of minor problems 
which might possibly tend to obscure the main issue. Neverthe- 
less I would point out that where I have discussed the conversion 
of certain organic matter into petroleum, I have used the word 
petroleum in its widest sense as including all natural bitumens 
and hydrocarbons, from the lightest gaseous state through the 
varying densities of liquid to the various solid forms. 

If, as I have suggested, the change from organic material into 
petroleum resulted from the action of what I have called sulphur- 
making bacteria (or, as Edson S. Bastin more accurately terms 
them, sulphate-reducing bacteria) and took place in sediments 
that were accumulating in salt water, then the process took place 
under a certain amount of pressure, due both to the weight of the 
column of water that overlay the sediments, and to the weight of 
the thickness of sediment that overlay the zone in which the ac- 
tion was taking place. If, as a result of such bacterial action, 
any gaseous petroleum was formed as well as liquid petroleum, 
much of the gaseous petroleum would be dissolved in the liquid 
petroleum owing to the pressure under which the action took 
place, while gas that was not dissolved would be given off in 
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minute bubbles which would behave in the sediments exactly like 
minute globules of oil in that they would be unable to pass through 
the spaces between the particles forming the sediment and con- 
sequently would be retained in, and held by, the sediment. There- 
fore the presence of natural gas associated with oil deposits is to 
be expected. There is another possible explanation, which prob- 
ably accounts for most of the gas found associated with oil, and 
that is metamorphism of the petroleum after the strata in which 
it is contained became part of a geological series of stratified 
rocks. As A. R. Denison points out, I object to the idea of 
metamorphism in accounting for the the origin of coal or pe- 
troleum when it involves the assumption of the loss or addition 
of chemical elements from, or to, the strata—in other words when 
it necessitates the assumption of a very considerable change in 
the total chemical composition of the strata as a whole; but re- 
arrangement of the elements in natural petroleum which leaves the 
total chemical composition of the petroleum unchanged is an en- 
tirely different proposition and is a thing which, in my opinion, 
is almost bound to occur under the varying conditions of pressure 
and temperature to which geological strata containing petroleum 
have been subjected. In other words the natural gas so univer- 
sally associated with oil deposits can be accounted for, very 
largely, by metamorphism of the petroleum after it first formed 
in the accumulating sediments, and after the strata containing 
it became part of a geological series of stratified rocks. In addi- 
tion to this, some of it is perhaps original and was formed when 
the conversion of organic matter into petroleum took place. 
MurRRAY STUART. 
724 SALIspuRY HOovseE, 


Lonpon, E. C. 
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Outlines of the mineral and water-power resources of the Gold Coast, 
British West Africa, with hints on prospecting. By A. E. Kitson. 
Gold Coast Geological Survey, Bulletin No. 1, 1925. 


It is a pleasure to record the appearance of this the first of a regular 
series of publications that will deal specially with the geography, geology, 
and mineral resources of the Gold Coast. 

The present bulletin describes mainly the occurrences of the three 
mineral resources of the Gold Coast now under exploitation, namely, 
deposits of gold, manganese ore, and diamonds and gives an excellent 
account of the as yet undeveloped but apparently important deposits of 
bauxite. 

The Gold Coast has an area of nearly 80,000 square miles and lies 
wholly within the tropics. It comprises three political divisions, the Gold 
Coast Colony, Ashanti, and the Northern Territories. The addition of 
the western part of Togoland, now under British mandate, brings the 
total area of the region under investigation by the Geological Survey up 
to 91,690 square miles. Of this an area of about 54,000 miles is known to 
contain valuable mineral deposits. 

The rocks in the mineralized area fall into three groups—(1) Pre- 
Cambrian sedimentary and volcanic rocks; (2) Ancient igneous rocks, 
mainly Devonian or older, chiefly intrusive, and ranging from granite to 
gabbro; and (3) Metamorphic rocks, schists, gneisses, etc. that have re- 
sulted from the alteration of the rocks of groups (1) and (2). The 
more important mineral deposits are found in groups (1) and (3). 

The gold occurs in conglomerates of the pre-Cambrian Tarkwa series 
and in quartz veins associated with pyrite, arsenopyrite, chalcopyrite and 
galena. Gold is also stated to occur in narrow pegmatite dikes, associated 
with cassiterite, molybdenite, pyrite, arsenopyrite and lollingite. Gold 
also occurs in eluvial, fluviatile and marine placers. 

The manganese deposits of workable character are due to the super- 
ficial concentration of manganese oxides during the weathering of sup- 
posedly pre-Cambrian phyllites and metamorphic rocks containing spes- 
sartite and rhodonite. Some of the ore is of good grade and in 1924 the 
exports amounted to 233,401 tons. 

The bauxite deposits are described as extensive and are said to occur 
as caps, from 10 to 40 feet thick on the higher flat-topped mountains or 
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mesas of the country. The deposits are ascribed to the weathering of 
clay-shales under tropical conditions. Deposits at a number of localities 
are described, with chemical analyses and estimates of quantity available. 
The diamonds of the Gold Coast are found in alluvial deposits and are 
generally small although of good quality. Their source is unknown. 
The report also describes a number of minor mineral resources and 
concludes with. the results of a reconnaissance of available water-power. 
Copies of the report may be obtained from the London office of the 
Geological Survey of the Gold Coast, 29 Alfred Place, South Kensington, 
London S. W. 7, England. Price 1 shilling. 
F. L. Ransome. 


Treatise on Sedimentation. By Witt1am H. Twenuoret and Col- 
laborators. Pp. xxv + 661, with 61 figs. The Williams and Wilkins 
Co., Baltimore, 1926. Price $7.50. 


This pioneer work on the complex subject of sedimentation is a wel- 
come addition to the literature of geology. It is at once an admirable 
advanced text and a valuable work of reference. The comprehensive 
and authoritative character of the book has been made possible by codpera- 
tion of the many contributors, whose willingness to pool their individual 
efforts is most commendable. Professor Twenhofel, besides making sub- 
stantial contributions himself, has edited and welded together very skill- 
fully the varied manuscripts of numerous other authors. 

The first chapters, which deal largely with the processes of weathering 
and transportation, inevitably include much that is elementary. The 
reader may feel that certain standard works, such as Merrill’s “ Rocks, 
Rock Weathering, and Soils,” treat this aspect of the subject much more 
thoroughly. However, it is essential to begin a complete discussion of 
sedimentation with some outline of fundamental processes, and it is im- 
portant that even the elements of the subject should be restated from the 
most modern viewpoint. Chapter III. is a valuable discussion of topo- 
graphic and climate influences on sediments. Then follows a chapter on 
the relation between various organisms and sedimentary deposits—a sub- 
ject of large importance from the viewpoint of the modern sedimenta- 
tionist, who finds in the entombed fossils a key to climatic and other 
physical conditions. 

Chapter V., a somewhat exhaustive treatment of particular kinds of 
sediments, makes nearly one half the entire book. An outstanding con- 
tribution in this section is David White’s discussion of “The Carbo- 
naceous Sediments,” illustrated with fine photomicrographs by Thiessen. 
It may appear that the length of this discussion—50 pages, as compared 
with only 38 pages devoted to all limestones and 14 to dolomite— 


REVIEWS. 





314 


is not consistent with a proper sense of proportion. However, it is true 
that the carbonaceous deposits are especially complex, and their sig- 
nificance in the sedimentary record is out of all proportion to their rela- 
tive abundance. The discussion of dolomite, largely by Van Tuyl and 
Steidtmann, is a welcome summary of literature on a troublesome sub- 
ject. A question presents itself to the reader, and perhaps it came also 
to the authors, as to the proper limits of the treatment on dolomitization 
in this book. Alteration of limestone to dolomite by hydrothermal 
processes during deformation, such as Hewett has described from south- 
ern Nevada (Bull. G. S. A., Vol. 35, No. 1, 1924, pp. 124, 125), has oc- 
curred on a large scale. The processes involved are not sedimentary, 
and yet the existence of such dolomites raises very real problems in the 
study of sedimentary formations. Some of the types of dolomite dis- 
cussed in the book are also interpreted as replacement products, although 
the alteration is supposed to have taken place during or soon after deposi- 
tion of the original sediments. Whether or not dolomites of the southern 
Nevada type have a proper place in the discussion, it is certain that they 
have been made by the cubic mile through some sort of hydrothermal 
action, and they call for revision of the conclusion (p. 263) that “such 
[action] can be responsible for only limited effects.” 

Chapter VI., on “ Structures, Textures, and Colors of Sediments,” is 
a storehouse of valuable data and criteria. Kindle and Bucher have 
contributed a much needed descriptive and interpretative discussion of 
ripple mark. The shori treatment of mud-cracks in this chapter sug- 
gests a field in which observational and experimental data are badly 
needed. W. A. Tarr gives good discussions of concretions, cone-in-cone, 
and stylolites. The section on color in sedimentary deposits, prepared by 
Blackwelder, is restricted to a treatment of primary coloration. Again 
the question of proper and desirable range may be raised, as study of the 
whole problem of coloration in sedimentary formations falls to the lot of 
sedimentationists, and the effects of secondary and primary processes are 
in many cases hard to differentiate. 

“Environments or Realms of Sedimentation,” a broad and highly im- 
portant subject to which Barrell, Grabau, and others have made large 
inductive and deductive contributions, is made the heading of a lengthy 
and well organized chapter. A final brief section discusses methods for 
field and laboratory studies of sediments. 

As certain phases of sedimentology are still in their infancy, an attempt 
to give a comprehensive treatment encounters some difficulty in lack 
of data. Nevertheless it is apparent that one of the problems encoun- 
tered by the editor of this book was the selection of material from the 
large store available and its condensation into a volume of reasonable 
size. The book is by no means a complete reference work covering all 











aspects 
that dir 
to origi 
through 
tunately 
appear 
the dist 
add gre 
more gi 
the use: 
these a: 
general 
the lite: 


Ya 


Index 1 
of cl 
Surv 


This 
of the 
Geologi 
the first 
The st1 
tions, ( 
tain sec 
Mounta 
Permia: 
the Pai 
Each { 
Nomen 
Correla 

This 
mineral 


Un 


The Ne 
Bak! 
Price 


Prof 
this bo 








s true 
r sig- 
- rela- 
‘l and 
> sub- 
e also 
zation 
ermal 
south- 
as OC- 
ntary, 
in the 
e dis- 
hough 
leposi- 
ithern 
t they 
ermal 
“such 
ts,” is 
' have 
ion of 
r sug- 
badly 
-cone, 
red by 
Again 
of the 
lot of 
es are 


ly im- 

large 
engthy 
ds for 


ttempt 
n lack 


ncoun- 
ym the 
onable 
ing all 








REVIEWS. 315 
aspects of the subject; but for a first attempt it goes surprisingly far in 
that direction. One of its greatest merits lies in the abundant references 
to original sources, included as footnotes in the text and made available 
through an index of authors in addition to the subject index. Unfor- 
tunately there are some errors in the references, and typographical errors 
appear also in other parts of the volume. There is much inequality in 
the distribution of illustrations. Excellent photographic reproductions 
add greatly to the value of the section on coals, and without question the 
more general employment of text figures and half-tones would increase 
the usefulness as well as the attractiveness of the book as a whole. But 
these are only minor criticisms of a volume whose physical makeup is 
generally excellent, and whose contents are a very significant addition to 
the literature of our science. 


C. R. LoneweE t. 
Yate UNIVERSITY, 


New Haven, Conn. 


Index to the Stratigraphy of Oklahoma. By C. N. Goutp. With lists 
of characteristic fossils. By C. E. Decker. Oklahoma Geological 
Survey, Bulletin No. 35, September 1925. Pp. 115. 


This index has been prepared to accompany a “colored geologic map 
of the State, compiled by Mr. Hugh D. Miser, of the United States 
Geological Survey” which will soon be available for distribution. It is 
the first complete list of the geological formations of the state as a whole. 
The stratigraphy of the state is subdivided into seven geographic sec- 
tions, (1) Arbuckle and Wichita Mountain section, (2) Ouachita Moun- 
tain section and the Carboniferous of southeastern Oklahoma, (3) Ozark 
Mountain section and the Carboniferous of northern Oklahoma, (4) the 
Permian Red Bed section, (5) Cretaceous of southern Oklahoma, (6) 
the Panhandle region, and (7) the Tertiary and Quaternary deposits. 
Each formation is briefly discussed under the following headings: 
Nomenclator, Type Locality, Character, Thickness, Occurrence, Age, 
Correlation, and Characteristic Fossils. 

This booklet should be particularly valuable to those interested in the 
mineral resources of the State, especially prospectors for oil. 

R. S. Poor. 
UNIVERSITY OF ILLINOIS, 
Urpana, ILLINoIs. 


The New Universe—An Outline of the World in Which We Live. By 
BAKER BROWNELL. 455 pp. D. Van Nostrand Co., New York, 1926. 
Price, $4.00. 


Professor Brownell says that “the Universe brewed in the kettle of 
this book presumes an interested and rather well acquainted taste for 
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current problems and ideas.” He who reads it will understand more of 
philosophy and its relation to science, and will absorb much that makes 
up a cultural background. It is philosophy more than science, but phi- 
losophy the scientist understands and enjoys, and science the philosopher 
appreciates. The reader who knows little of science or philosophy will 
enjoy both. 

Book I. Studies in Matter—the World as a Scientific Fact—treats of 
the Universe and the Earth, the evolution of the earth and its life, of mind 
and behavior. In Book II we learn of early man and his development 
toward the Society of To-day and of To-morrow, while Book III deals 
with the aesthetic things of life—the place of Art and Drama and Beauty. 
Like the other books of the Library of Modern Science, it is written in 
language simple enough so that all will understand it. The reader who 
scans these lines should go further and read the book. It is not educa- 
tional; it is an education. 

ALAN BATEMAN. 


Chemistry in the World’s Work. By Harrison E. Howe. Library 
of Modern Sciences. 244 pp. Index. D. Van Nostrand Co., 1926. 
Price, $3.00. 

A popularly written book from the pen of an authority that tells for 
an interested lay reader some of the relations of chemistry to our every- 
day life and to modern industry and civilization. One may learn from 
it how artificial silk is made and how to tell it from the real silk, or how 
to tell if our woolen clothes are not wool. The part of chemistry in the 
making of such things as paper or glass or soap is shown. Throughout, 
the humanistic features are stressed; such as “Health and Sanitation,” 
“ Power,” or “Abolition of Drudgery,” in Chapters X. to XIII, The 
book is well written, interesting, and pleasingly gotten up. 
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SCIENTIFIC NOTES AND NEWS 





Waldemar Lindgren recently delivered four lectures on Mineral De- 
posits with special reference to those of magmatic affiliations, at Queen’s 
University, Kingston, Canada, under the Willett G. Miller fund. 

W. B. Lang of the U. S. Geological Survey, working on potash, has 
moved his headquarters from Midland, Texas, to Roswell, New Mexico. 

Chester W. Washburne has moved his office to 27 William Street, New 
York. 

N. L. Bowen, of the Carnegie Geophysical Laboratory, gave a series 
of lectures in March before the Geology Club of Princeton on the Origin 
of Igneous Rocks through Fractional Crystallization, and one before the 
combined Geology and Chemical Clubs on the Chemical Studies of the 
Geophysical Laboratory—Their Geologic and Technologic Significance. 

J. Volney Lewis, professor of geology at Rutgers University, has re- 
signed to take up private consulting work. 

G. K. Mansfield and C. H. Dane, of the U. S. Geological Survey, are 
engaged in field work in northeast Texas. 

Frederick Burbidge, manager of the Federal Mining and Smelting 
Company, was recently elected president of the Idaho Mining Association. 

C. R. Longwell, of Yale University, left for Nevada in April to com- 
plete his geologic field work there for the U. S. Geological Survey. 

Clinton H. Crane, president of the Mining and Metallurgical Society of 
America and president of the St. Joseph Lead Company, on April 12th 
addressed the students in the Mining and Metallurgical Department of 
the Harvard Engineering School on Present Day Opportunities for 
Technically Trained Men. 

M. R. Campbell, of the U. S. Geological Survey, has just published 
privately the Campbell Coal Map depicting the different coal fields and 
kinds of coal. 

A. L. Hall, of the Union of South Africa Geological Survey, has re- 
cently been doing field investigation work in the Carolina district in 
the eastern Transvaal. 

Wilbert J. McBride, formerly general manager of the Old Dominion 
Company, Globe, Arizona, is professor of mining engineering at McGill 
University, Montreal, taking the place of John Bonsall Porter, retired. 

Charles Schuchert has returned to Yale University after a three months’ 
trip through the South, Southwest, and the Pacific Coast. 
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E. L. DeGolyer has just returned from a business trip to London. 

Walter F. Pond has become State Geologist of Tennessee. 

J. E. Spurr gave a talk on Ore Magmas in Vein Dykes before the Pe- 
trologists’ Club at Washington on March 15th. 

L. Keith Ward, Government Geologist and Director of Mines of South 
Australia, has received from the University of Adelaide the degree of 
Doctor of Science. 

R. M. Murray, general manager of the Mount Lyell Mining Company, 
Tasmania, is now president of the Australasian Institute of Mining and 
Metallurgy. 

D. R. Semmes has just returned to New York from a trip to Colombia. 

J. H. Pierce, of Pottsville, Pa. is making a study of the natural re- 
sources of Russia under the direction of the Soviet Government. 

Raymond Brooks, manager of the Rhodesian Congo Border Concession, 
has been in New York recently. 

G. C. R. Stewart, of the Rio Tinto mines of Spain, recently spent a 
week at Butte and Anaconda. 

M. Van Siclen, engineer in charge of mining research, U. S. Bureau of 
Mines, Washington, D. C., has resigned to take up private practice. 

Raymond S. Blatchley has opened an office as consulting geologist at 
817 Roosevelt Building, Los Angeles, Calif. 

H. D. Miser, of the U. S. Geological Survey, is engaged in field work 
in Oklahoma, with headquarters at Talihina. 

T. B. Nolan, of the U. S. Geological Survey, was in New Haven re- 
cently en route to Gold Hill, Utah, where he was to carry on field work 
for the Survey. 

Cecil H. Desch, of Sheffield University, England, gave an illustrated 
address on the Growth of Crystals at the meeting of the Washington 
Academy of Science on March 4th. 

E. E. Jones, of the U. S. Geological Survey, began in April an investi- 
gation of the water-power resources of the streams draining the Olympic 
Range, Washington. 

Rogers, Mayer & Ball, of 42 Broadway, New York, will remove on 
May Ist to 26 Beaver Street. 

C. F. Jackson, of the Standard Oil Company of New Jersey, is spending 
several months in South America on professional business. 

F. F. Osborne, of Vancouver, British Columbia, has been awarded the 
“Emmons Memorial Fellowship” for the academic year 1927-28. 

A. P. Coleman, Professor Emeritus of Geology at the University of 
Toronto, was banqueted on February 24th in honor of his seventy-fifth 





birthday. 
and other 
Bowles o 
Mines. 4 
annually | 
geology a 

Boy 
ciate edit 
versity 01 
in Gener 

The SI 
sider C. ] 
south Ar 
Arkansas 
ducing sa 

The G 
at Clevel: 


The F 
will be h 
for man} 
etc. 

The A 
in the Nz 
lic lectur 

The A 
spring r 
which th 
The geol 
Situatior 
Tron Ore 
by Sir / 
to Iron 
Wood. 


A cou 
Texas in 
Charles 
of West 
nia For 
Petroleu 
lace E. 
tion of . 






























» Pe- 


south 
e of 


any, 
and 


nbia. 


1 re- 
sion, 
nt a 
tu of 
st at 
work 


A re- 
work 


rated 
igton 


resti- 
mpic 


e on 
ding 


1 the 


SCIENTIFIC NOTES AND NEWS. 319 


birthday. A portrait of himself was presented to him by W. A. Parks, 
and other speakers were George F. Kay of Iowa University, Chancellor 
Bowles of Victoria College, and T. W. Gibson, Deputy Minister of 
Mines. A fund was presented for a Coleman gold medal to be awarded 
annually to the student graduating with the highest stand in his class in 
geology and mineralogy. 

E. C. Andrews, Government geologist of New South Wales and asso- 
ciate editor of this Journal, will give the Silliman lectures at Yale Uni- 
versity on May 2d, 4th, 6th, 9th, 11th, 13th and 16th, on “ Some Problems 
in General Geology.” 

The Shreveport Geological Society has appointed a committee to con- 
sider C. H. Dane’s recent publication on the Upper Cretaceous section of 
south Arkansas in its application to the subsurface formations of south 
Arkansas and Louisiana, and possible re-correlations of the various pro- 
ducing sands of the Shreveport area. 

The Geological Society of America will hold its next annual meeting 
at Cleveland, Ohio, December 29-31, 1927. 


The Fifteenth International Geological Congress, it is now learned, 
will be held in South Africa in August, 1929. Plans are already started 
for many excursions on economic ores to the Rand, Bushveld Complex, 
etc. 


The American Geophysical Union meeting, April 28th—29th, was held 
in the National Research Council Building at Washington, D. C. A pub- 
lic lecture on Climatic Factors was given April 28th. 


The American Institute of Mining and Metallurgical Engineers held a 
spring regional meeting at Cleveland, Ohio, April 19th and 2oth, at 
which the Resources and Metallurgy of Manganese Ores was the subject. 
The geological papers were: “ Political Aspects of the World Manganese 
Situation,” by C. K. Leith; “ Reserves of Lake Superior Manganiferous 
Iron Ores,” by Carl Zapffe; ‘‘ Manganese Deposits of Gold Coast, Africa,” 
by Sir A. E. Kitson; “ Minnesota Manganiferous Iron Ores in Relation 
to Iron and Steel Industry,” by T. L. Joseph, E. P. Barrett and C. E. 
Wood. 

A course in Petroleum Geology given this spring at the University of 
Texas includes the following: Geology of the Petroleum Fields of Mexico, 
Charles L. Baker; Petroleum Production from the Permian Formations 
of West Texas, J. W. Beede; Petroleum Production from the Pennsylva- 
nia Formations of Texas and Origin of Petroleum, F. B. Plummer; 
Petroleum Production from Salt Domes of the Gulf Coastal Plain, Wal- 
lace E. Pratt; Geophysical Methods, Foreign Salt Domes and Organiza- 
tion of Applied Geology, Donald C. Barton; Petroleum Production in the 
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Mid-Continent Fields, W. E. Wrather. Mr. Alexander Deussen, who 
was to participate in the course, was unable to do so on account of illness. 

The Mining and Metallurgical Society of America held an evening 
meeting April 28th at the Harvard Club, New York City, on “ Geophysi- 
cal Methods of Prospecting.” . Invitations to speak were extended to H. 
T. Lundberg, Swedish American Prospecting Company, Sherwin Kelley, 
of the Schlumberger Company, E. E. Meusser, of the Electrical Prospect- 
ing Company of America, representatives of the Taumac Corporation and 
the Radiore Corporation of Los Angeles, President Mason, of the Univer- 
sity of Chicago, Dr. L. B. Schlichter, of the University of Wisconsin, and 
E. DeGolyer, president of the Geophysical Research Corporation. 








